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Editorial. Notes 


May the Maker of all make this journal a success. Blessed 
is the name of the Lord. May He bless the workers of the 
-As'rama with a happy and prosperous career as servants of the 
world which is only the Lord Himself objectified. May He, 
that has created us in His infinite wisdom, lead us to the light 
that is beyond all darkness. 


“f- ats ate 
Wits this number begins the fourth volume. We offer 
our heart-felt thanks to all those who have helped us in 
the past and wish to help us in the future. May the Lord 
that has blessed us thus far, bless us hereafter. 


ate fe ate 


Tux principal theme of the fourth volume will continue to 
be Pranayama, We are anxious to take up some supplement- 
ary subject also, especially dyspepsia. Articles on this disease 
and its Yogic treatment may, therefore, appear in the current 
volume. Besides the technique of Kapalabhati and Bhastrika, 
the technique of some other Yogic practices will also be given. 


ate ate ale 


Tue. treatment “of the different ‘subjects, will be ° rote in 


original, thorough and reliable as/ it has been in the = last 
three: volumes, In giving the technique of the Yogic exercises 
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even minutest detail will be attended to. The Yoga-Mimansa 
has already come to be recognized as an authoritative publication 
in matters Yogic, We shall try our level best to maintain 
in future the high standard that has once been established, 
ae al of 

Ix reading this number, non-medical men will do well first 
to master our article on the. pressure changes in Pranayama 
and then to read the experiments given in the Scientific 
Section. The article ‘Ujjayi Pranayama Explained’ should be 
read last, Unless the physiological principles discussed in the 
Semi-Scientific and Scientific Sections are thoroughly under- 
stood, ordinary readers will find it difficult to follow the scien- 
tific explanation of Pranayama. This very circumstance is res- 
ponsible for our not publishing in this issue a larger part of the 
article ‘ Ujjayi Pranayama Explained." We had first to make 
room for all the information that was needed for a clear under- 
standing of that article. This took away so much of our space.” 


af she ata 


We beg to draw our readers’ attention to the several 
appreciations published in the current number. Pandit Motilal 
Nehru’s views published on the next page and Sir Shankaran 
Nair’s note printed on page 4, are specially recommended to 
the attention of our rcaders. They tell their own tale, 


ate af fe 
Taz review of the activities of the Kaivalyadhama 
appearing in the Miscellaneous matter is expected to give in 
brief a good idea about the work of the Asrama. May 
we request our readers to bring this matter to the notice 
of those promising youths that may be in search of oppor- 
tunities such as are available at the Kaivalyadhama. 


ale as ale 
May the Lord that enabled us to found the As'rama, 
give us strength enough to carry on its work! May He 


ever widen the circle of our sympathizers and thus allow us 
to serve Him and Flis children to the best of our ability | 
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PANDIT MOTILAL NEHRU'S NOTE 


I have been yery much impressed with the work of 
Swami Kuvalayananda (Dr. J. G. Gune). He has opened 
out an entirely new field of research and has already 
shown that the different aspects of Yogic culture and _ ther- 
apy can not only stand the fierce light of modern sciences 
but are well in advance of all that has so far been dis- 
covered in the West. His Ashrama has only been in exist- 
ence for the last five years but has already built up a 
reputation in the successful application of Yogic principles 
and practices to modern conditions of life. The methods he 
has introduced in the field of physical culture have already 
found favour with many prominent individuals and _institu- 
tions. Some of the Provincial Governments and Indian States 
have also approved of them, His journal “ Yoga-Mimansa" 
has a fair circulation in India and abroad. With the help 
of this journal and the small band of sgelf-sacrilficing uni- 
versity men, he has gathered round him, he has rendered 
much valuable service. But it is evident that a small 
institution of this nature cannot satisfy the needs of a big 
country like ours. What is necessary is to make it a 
training ground for a sufficiently large number of teachers 
to be employed in schools and colleges all over India to 
instruct our young men and to give his journal “ Yoga- 
Mimansa” a much wider circulation than it now has. The 
organization deserves to be developed into a National In- 
stitution for which considerable funds are necessary. It is in 
my opinion the duty of every Indian to help Swamiji’s work 
and afford him a full and fair opportunity to realise his 
ideals for the physical and cultural uplift-of India and of 
humanity at large. 


March |! 4, 1930. | Sd.) Motilal Nehre »*: oe 


SIR SHANKARAN NAIR’S LETTER 
Dear Swami, 


Your attempt to interpret the different aspects of Yogic 
culture in the light of up-to-date sciences and thus to co- 
ordinate the ancient and modern civilisation for drawing 
closer the East and the West, is simply unique. The work 
that your Ashrama has turned out during the five years of its 
existence inthe field of physical culture and Yogic Therapy, has 
already attracted the attention not only of the general public, | 
but even of some of the Provincial Governments and Indian | 
States. Your journal, the Yoga-Mimansa, has found its way 
not only throughout India, but even abroad. You have 
gathered roundabout you a band of self-sacrificing university 
men anxious to serve humanity. If you get ample financial 
support, you ate sure to develop an organisation that would 
competently and selflessly work for the progress of mankind. 
Under these circumstances it becomes the duty of every in- 
dividual to render you substantial monetary help and thus to 
enable you to realise your noble ideals for the uplift of 
humanity. 


New Delhi, ve 
February 22, 1930. t (Sd.) Sankaran Nair 


AaoeagVasg eet awa gg gw 


S34 4ad4aqaa 


oa 


SYSTEM OF TRANSLITERATION 


Letters, their sounds, and a description of these sounds :— 


A Pronounce 


Ao epee 


KHA 


.GA 


GHA 
NA 
CHA 
CHHA 
JA 
JHA 
N'A 
TA 
THA 


‘A’ like 
‘Ke . 
‘T° re 
7 : 
ee 
i 
Br 4 
Bt 
a 
‘E 
‘Ar, 
Te) a 
‘ALP 4 
Ke , 
‘KEY 
c" is 
Ist -s 
ony! - 
fe (a 
‘CH’ 5 
y . 
ur + 
N* , 
Ty 
Tit" 3 


‘u’ in ‘but’, 


fa" “ ‘far’. 


Yr . ‘pin. 

‘ee’ ,, ‘feel’, 

‘LI ,, ‘fulsome’, 

‘oo’ »,, ‘wool’, 

‘ri’ , German, 

» oo» oo» With a strong accent. 

‘li’ ,. German. 

a’, ‘fate’. 

‘ai’ ,, ‘aisle’ but not.,drawled out. 

o , ‘over’. 

‘ou’ ,, ‘ounce’ but not drawled out. 

‘k’ ,, ‘kill’. 

‘kh’ ,, ‘ink-horn’ or like ‘ch’ in 
‘Loch’ ( Scottish ). 

‘oe . ‘sarl’. 

‘gh’ ,, ‘log-house’ or ‘ghee’, 

‘ny’ ,, ‘king’ or ‘link’, 

‘ch’ ,, ‘church’. 

the second ‘ch’ in ‘churchill’. 

ra 

palatal ‘z’ as in ‘azure’. 


in ‘join’. 


‘n’ in ‘pinch’, — . oe Fs 
Abs 


‘th’ ,,. ‘pot-house’. 


433 ot 


AAA gS AG 


24909 Ag HH oI 
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SYSTEM OF TRANSLITERATION 
Letters, their sounds, and a description of these sounds :— 


DA Pronounce ‘D' like ‘d' in ‘dog’. 

DHA ,, ‘Dr cy ‘dh’, ‘mad-house’, 

NA a a stad ‘n’  ,, ‘splinter’ or ‘and’. 

TA " ca i 4 dental ‘t’as in ‘thin’, or like 
the French ‘T". 

THA , ‘TH’ ,, ‘th’ in ‘thunder’. 

DA ‘Dp’ i ‘thy, ‘then’. 

DHA , ss Ls | I 


NA NH ‘N’ Pe ‘n’ Tr ‘no’. 
PA i. Fw OP Cl CBee 
PHA ,, cll = ees ‘ph’ ,, ‘top-heavy’, or ‘gh’ in 


‘laugh’, 
BA x ‘B’ > & « “bala. 
BHA , ‘BH’ , ‘bh’ ,, ‘hob-house’, 
MA e (ar ‘m’ , ‘mat. 
YA a ee ig eee, 
RA x ‘R’ ss cr i “rou. 
LA = “Ly ‘6 ly » ‘le’, 


VA ” vo, lUfwl, wane’, 

SA m oa sg: a Ug eee 

SHA , Ay a strong lingual with rounded 
| lips. 

SA = - , - ‘a «=o in” - “pont 


HA , i en) «6A She 
LA — A dento-lingual pronounced with a little rounding 
of lips, 
Nasalized q as in daa—M; Nasalized 4 as in dea—M ; 
1 on wn MM; gg on ww SRM; 
Nasalized + as in diatar—N ; Visarga—H, 
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THE SCIENTIFIC SECTION 


bee | 


N. B—Those of our readers that claim no acquaintance 
with anatomy and physiology will do well to read 
The Semi-Scientific Section first. 


PRESSURE EXPERIMENTS IN PRANAYAMA 


THEIR CULTURAL AND CURATIVE IMPORTANCE 


Ir is an admitted physiological fact that the ordinary act 
of respiration involves appreciable changes in the pressure 
conditions obtainable in the lungs, in the thorax and in the 
abdomen. If the respiration is made deeper, the pressure 
changes become considerable; and under particular circum- 
stances, these changes are observed to be remarkably great. 
Modern physiologists have very carefully studied the effects 
of ordinary respiration upon the circulation of the blood. It 
has been found that the pressure changes brought about by 
normal breathing greatly aid the circulation of the venous 
blood. These physiologists have also investigated the effects 
of forced respiration upon blood circulation. Some work has 
also been done in studying circumstances capable of produc- 
ing very high pressures in the lungs and in the thorax. 


Although the Western physical culturists have been an- 
xious to take advantage of the advancing physiological know: 
ledge of the world, their literature does not show much at- 
tention to have been paid to the pressure changes in ‘Deep 
Breathing’ and to the effects of these changes on blood cir- 
culation, They indeed speak of pressures and also of the 
improved circulation of the blood, in discussing their breathing 
exercises. But the whole treatment accorded to this subject is 
so superficial that it fails to satisfy the scientific mind. 


Even if the physical culturists of the West- had paid 
more attention to the study of ‘Deep Breathing,’ their observ- 
ations would not have been of much use in understanding 
the physiology of Yogic Pranayama. Because so far as we 
know there is hardly any physical culturist worth the name 
in the West, who is teaching ‘Deep Breathing’ according’ to 
the exact! technique of Pranayama. Under these circumstances 
it became absolutely imperative for us to undertake investi- 
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gating thoroughly the problem of Pranayamic physiology. Some 
of the X-Ray experiments done in this connection have 
already appeared in the third volume of this journal. The 
pressure experiments recorded in the following pages form 
another instalment of our research work inthis subject, The 
field is vast. It will take years before we can claim to 
have studied the physiology of Pranayama with some 
thoroughness. In the meanwhile we shall be publishing through 
the Yoga-Mimansa whatever research work will be turned 
out in the Kaivalyadhama in this connection, 


The study of pressure changes involved in Pranayama 
in all its stages, is valuable from more points of view than 
one. Exercises in Yogic Physical Culture, Yogic Therapy 
and even Yogic Spiritual Culture can be intelligibly under- 
stood only if the pressure changes brought about by them 
are carefully studied. Serious mistakes are likely to be 
made in prescribing Pranayamic exercises for cultural or 
curative purposes, if these pressure changes are not suffici- 
ently known. We shall explain how, 


Physical culturists are often tempted to teach Pranayama 
to boys under thirteen. This is due to their ignorance about 
the pressure changes in Pranayama and is calculated to do 
considerable damage to the hearts of the juvenile athletes. 
The reason is this. The stock of the blood present in a 
child’s body is held partly in the heart and partly in the 
other parts of the circulatory system, Now in children the 
‘volume of the heart jis proportionately much smaller than 
the calibre of the rest of the circulatory system, Again it 
is a well known physiological fact that in deep inspiration, 
owing to the negative pressure in the thorax and the posit- 
ive pressure in the abdomen, the blood from the large veins 
rushes to the heart. Under these circumstances, owing to its 
comparatively small calibre, the child’s heart would find it 
difficult to receive into it the stock of venous blood pressing 
for admission, and would consequently suffer. If this exercise 
is repeated several times a day, the damage done to the 
juvenile heart is likely to be considerable. During adoles 
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cence, however, the volume of the heart is increased twelve- 
fold while the calibre of the arteries increases only three- 
fold. Owing to this circumstance, the proportion becomes 
favourable to the heart which afterwards can , receive all the 
quantity of the venous blood that may be pumped up to it. 
Hence Pranayama can be practised only after adolescence, 
and if prescribed to boys of younger age through ignorance, 
is likely to do harm. 


Pranayama has all along been a favourite curative 
measure in India, Although the Kaivalyadhama may justly 
claim the credit of modernizing Yogic Therapy, even to-day 
there is a large number of students of Yoga outside the 
As’rama, who prescribe Yogic exercises for curative purposes. 
Now their prescriptions are likely to be dangerous, if they 
are given without understanding the pressure changes in 
Pranayama. We shall very briefly refer to the Pranayamic 
treatment of a weak heart and weak lungs. 


Many people look to be under the impression that 
deep inspirations are likely to damage a weak heart, Others 
seem to-think that Pranayama is capable of strengthening 
any weak heart. We are of opinion that both these views 
have their root in the ignorance of Pranayamic pressure 
changes. Properly speaking in every deep inspiration, the 
intra-thoracic pressure is remarkably lowered and hence the 
external pressure on the heart is equally decreased, Thus 
there is little chance of the heart being damaged owing to 
the pressure changes in deep inspiration, Of course the heart 
must have strength enough to stand the richer supply of 
venous blood drawn to it in deep inspiration. The other view 
that Pranayama is capable of strengthening any weak heart 
is equally untenable. Pranayama as it is generally taught 
outside the Kaivalyadhama necessarily includes Kumbhaka of 
one type or another, Now there are particular. varieties of 
Kumbhaka where the intra-thoracic pressure becomes, con- 
siderably ‘high. That means the external pressure on the 
heart is proportionately increased, Now this increase in the 
external pressure is very likely to damage a weak . heart, 
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Thus we see that any Yogic treatment of a weak heart, if 
it is to be safe, must be based upon a knowledge of 
Pranayamic pressure changes; otherwise it may do more 
harm than good to the patient, ; 


What holds good in the case of the heart equally holds 
good in the case of the lungs. Im every deep inspiration the 
lungs are put on a stretch, And although at the end of every 
deep inspiration the intra-pulmonic pressure is only equal to 
one atmosphere, the fibres of the lung tissues are so much 
stretched that in the case of weak lungs they stand in the 
danger of being torn. But the matter does not end_ there. 
There are some varieties of Kumbhaka which increase very 
considerably the intra-pulmonic pressure. Some students of 
Yogic Therapy recommend the practice of this type of Kum- 
bhaka even to persons with weak lungs. Under these cir- 
cumstances damage to the lungs is sure and very serious 
consequences follow, simply for the ignorance of Pranayamic 
pressure changes. — 


Pranayama is one of the finest exercises for a weak heart 
and. weak lungs, If its physiology is properly known and if 
it is judiciously administered, the exercise is capable of 
giving wonderful results. 


This study of pressure changes in Pranayama has its 
own importance in understanding the physiology of Yogic 
exercises directly leading to spiritual development, Yogic 
processes practised for the awakening of Kundalini are main- 
ly characterized by two features. They. either involve the 
stretching of the spine and its adjacent parts, or are capable 
of attracting a richer blood supply to the regions round- 
about the spinal column, especially in the pelvic and lumbar 
regions. In Pranayama the stretching of the spine is effect- 
ed by the manipulation of the contracted diaphragm, mainly 
through its crura. After deepest inspiration when the dia- 
phragm stands most vigorously contracted and occupies the 
lowest position, it is pushed upward by means of the con- 
tracted abdominal recti pressing hard upon the abdominal 
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viscera. This upward push is counteracted by the contracted 
diaphragm and its two crura attached to the posterior part of 
the abdominal wall, and in doing this they exert a steady 
pull upon the spine and its adjacent parts. 


Thus we see that the high abdominal pressure created 
in Pranayama by the action and counteraction of the different 
anatomical parts together with the upward pull of the crura, 
is responsible for the awakening of Kundalini. 


Pressure changes attract a richer blood supply to the 
lumbar region in the following way. When Uddiyana is 
practised after deep exhalation, negative pressure is develop- 
ed in the abdomen. This decrease in the abdominal pressure 
naturally attracts a richer blood flow to the lumbar region, 
Similarly there are other pressures which can induce copious 
blocd supply to the pelvis. 


Thus we see that a knowledge of the pressure changes 
in Pranayama, is very important in understanding the cultural 
and curative values of this important branch of Yogic exercises, 


THE TWELVE EXPERIMENTS 


We may now proceed to note a few general features 
of the twelve experiments that are recorded in this issue. 
The first two experiments were done to ascertain the press- 
ure conditions at the nares in ordinary respiration. The re- 
Maining ten experiments were undertaken to know the press- 
ure conditions in the cesophagus as it is affected in the 
different processes of Pranayama. Here the question arises as 
to why we have tried to study the intra-cesophageal pressure 
changes, when in the discussion that we have just finished, 
we pointed out the physiological importance of knowing the 
intrapulmonary and intra-thoracic pressures. The following is 
our answer. 


So far as the thorax is concerned, thé »pressure changes 
that really count in the study of Pranayama are the _ intra- 
thoracic and the intra-pulmonic. But situated as we are, it is 
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impossible for us, not. only at present but even in the. near 
future, to undertake any experiments on the intra-thoracic 
or intra-pulmonic pressures, because even in the best equipped 
laboratories the opportunities for this kind of research are 
so rare, So we thought of trying to see whether the 
intra-thoracic and intra-pulmonic pressure changes could be 
roughly understood by studying intra-cesophageal pressures 
during the different stages of Pranayama. It suggested itself to 
us to try these experiments because of the following physio- 
logical fact. The intra-thoracic pressure is known to affect the 
pressure conditions existing in the different organs situated in 
the mediastinal cavity, So we thought that the pressures 
available inside the thoracic part of the cesophagus would 
in a rough proportion represent the pressures existing in the 
mediastinal cavity. In the 250 readings that we took during 
the ten experiments on the intra-ossophageal pressures, we 
found that every time we expected a change in the intra- 
thoracic pressure, there was a corresponding change in_ the 
intra-cesophageal pressure also. Thus we concluded that a 
study of the intra-cesophageal pressures can, though some- 
what roughly, give a clear idea of the  intra-thoracic pre- 
ssures brought about in the various developments of Prana- 
yama, It remains for the scientific world to see how far we 
are justified in coming to this conclusion. — 


Physiological research has shown that the intra-pulmonic 
pressure is equal to the intra-thoracic pressure plus the press- 
ure due to the elastic recoil of the lungs. And as the elastic 
recoil of the lungs always varies within particular limits, 
intra-pulmonary pressure can always be ascertained, though 
somewhat roughly, from the intra-thoracic pressure, We have 
already indicated in the preceding paragraph that intra- 
cesophageal pressure roughly varies in proportion to the 
intra-thoracic pressure. Hence it is possible to know clearly 
the pressure changes both in the lungs and in the mediastinal 
cavity, if we can know the pressure changes in the cesophagus, 
although the exact degree of different pressures existing in 
the lungs and the mediastinal cavity, may remain unknown. 
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So a study of intra-csophageal pressures was under- 
taken simply with a view to determine, though somewhat 
roughly, the intra-pulmonic and _  intra-thoracic pressures in 
Pranayama. 


For conducting experiments on the intra-csophageal 
pressures, an india-rubber tube was introduced into the 
cesophagus as far as the middle of its thoracic portion, the 
other end of the tube being connected with a water mano- 
meterin Experiments III and IV, and with a _ mercury 
manometer in the remaining experiments. In’ Experiments III 
and 1V, a water manometer was preferred because the pressure 
changes were comparatively small. 


Pressure changes in Uddiyana have been experimented 
upon here, because at times Uddiyana is included in _ the 
technique of Pranayama. 


For every experiment five subjects were tried, each 
subject being required to make five attempts to produce the 
necessary condition in respiration. Thus for every experi 
ment twenty-five readings were taken and averages were 
worked out, the final average being made to represent the 
ultimate result. 


The conclusions to be drawn from each experiment are 
discussed at the end of that experiment. 


PRESSURE EXPERIMENTS IN PRANAYAMA 
EXPERIMENT | 


OBJECT OF THE EXPERIMENT :— 


It is well known to the students of physiology that the 
act of inhalation starts with the lowering down of the intra- 
pulmonic pressure which is equal to one atmosphere at the 
end of the previous exhalation. This decrease of pressure 
is to be felt not only in the lungs, but throughout the air 
tubes, although the degree of decrease varies at different 
places. It is supposed that in the air passage the negative 
pressure below the glottis is greater than the negative 
pressure above the glottis) Again the degree of pressure 
change depends upon the rapidity of the respiratory - act. 
The object of this experiment was to measure the negative 
pressure developed at the nares during the process of 
a guiet and normal inhalation. 


PREPARATION OF THE SUBJECTS :— 


Five subjects were tried in this experiment. They were 
young adults of sound constitution, with ages ranging from 20 
to 29. The experiment was done in the morning and the 
subjects were taken up with an empty stomach. No special 
preparation was deemed necessary. 


THE APPARATUS :— 

An ordinary water manometer was used for measuring 
the pressure changes. One end of this manometer was 
successively connected with a naris of every subject by 
means of a tube of india-rubber, passed through the corres- 
ponding nostril. 


THE EXPERIMENT PROPER :— 


Each subject was made to breathe quietly while he 
maintained the ordinary sitting posture, While the india-rubber 
. tube was introduced in one nostril, the other nostril was left 
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free. When inhalations became normal, pressure changes 
were noted down at each successive inhalation. Five read- 
ings were taken in the case of every subject and an 
average worked out, Five such averages were put together 
and a final average was calculated. It indicated a fall of 
20-4 mm. of water. The twenty-five readings noted down 
are tabulated on the next page. 


REMARKS :— 


lt is to be noted that the result of this experiment 
differs from the results arrived at by Western physiologists. 
They record a fall of 9 or 10 mm. of water in a normal 
quiet inspiration. Perhaps there are two factors which have 
affected our result. Our readings were taken while the 
subjects maintained a_ sitting posture, while the Western 
physiologists may have taken their readings in a lying down 
position of their subjects. As all the Pranayamic pressure 
changes were studied while the subjects maintained a_ sitting 
posture, we thought it desirable to conduct even the present 
experiment in the same posture. We could also. note that 
the india-rubber tube slightly irritated the mucous membrane 
of the nasal passage, thus rendering the inhalations alittle 
deeper and more hurried. This naturally produced a greater 
negative pressure. 
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EXPERIMENT II 
OBJECT OF THE EXPERIMENT :— 


The first experiment was made for ascertaining the 
pressure change at the nares in a quiet inspiration, The 
object of this experiment was to determine the pressure 
change at the nares in a normal expiration. As is well 
known exhalation starts when the intra-pulmonic pressure rises 
above one atmosphere. So the pressure change expected to 
develop at the nares was positive instead of negative as 
in the previous experiment. 


PREPARATION OF THE SUBJECTS :— 


The same subjects were tried in this experiment as in 
the last and were taken up for it immediately after that ex- 
periment. 


THE APPARATUS — 


The apparatus used in the last experiment was also used here. 
THE EXPERIMENT PROPER :— 


This experiment was conducted exactly inthe same way 
as the first, the averages etc, being worked out as pre- 
viously. The only difference was that instead of noting 
down the changes in inhalation, the pressure changes in ex- 
halation were tabulated. All the readings came out positive 
and the final average stood at [5°2 mm. of water indicating 
that much rise in the pressure at the nares. Detailed read- 
ings are tabulated on the next page. 


REMARKS ‘— 


As in the first experiment so here, our result differs 
from the results of the Western physiologists. The difference 
is, in all probability, due to the causes discussed under the 
previous experiment. 
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no. 1 J PRESSURE EXPERIMENTS IN PRANAYAMA 


EXPERIMENT Ill 
OBJECT OF THE EXPERIMENT :— 


The object of the experiment was to determine the change 
effected in the intra-cesophageal pressure during normal inspira- 
tion, with a view to get a rough idea about the changes made 
in the intra-pulmonic and intra-thoracic pressures, which, as have 
been shown in the general discussion on these experiments, 
roughly vary in proportion to the intra-cesophageal pressure. 
Again readings of the intra-cesophageal pressure changes during 
quiet inspiration would greatly help the understanding of the 
intra-cesophageal pressure changes in the Pranayamic processes 
as they were going tobe determined in the subsequent experiments. 
PREPARATION OF THE SUBJECTS :— 

The same subjects were tried in this experiment as in the 
last and were taken up for it immediately after that experiment. 
THE APPARATUS :— 

The piece of apparatus used in the last experiment was 
also used here. The free end of the india-rubber tube was, 
however, introduced into the esophagus till it reached the 
middle of its thoracic portion. 

THE EXPERIMENT PROPER :— 

Subjects were made to keep up their peal respiration 
while they continued to have a sitting posture. Readings were 
noted down as they were available during successive inhala- 
tions. Averages being worked out as in the last two experi- 
ments, the final average showed a fall of 81-12 mm. of water. 
Detailed readings are tabulated on the next page. 

REMARKS :— 

This fall of 81:12 mm. of water in the intra-cesophageal press- 
ure during normal inspiration shows very clearly that the cesopht 
agus largely yields to pressure changes in:-the thorax, The intra- 
thoracic pressure, as noted by Western scientists, decreases by 
about 102 mm. of water during normal inhalation. When we 
compare the fall in the intra-cesophageal pressure as determined 
by the present experiment with the fall in the intra-thoracic press- 
ure as noted by the Westerners, we clearly see that the pressure 
changes in the thorax are very largely shared by the cesophagus. 
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nwo. 1 | PRE&SURE EXPERIMENTS IN PRANAYAMA 
EXPERIMENT IV 


OBJECT OF THE EXPERIMENT :— 


The object of this experiment was the same as the ob- 
ject of the last. Only instead of studying the changes in 
the intra-cesophageal pressure during normal inspiration, in this 
experiment the pressure changes in the normal exhalation 
were to be determined. 


PREPARATION OF THE SUBJECTS — 


The same subjects were tried in this experiment as in 
the last and were taken up for it immediately after that 
experiment. 


THE APPARATUS :— 


The piece of apparatus used in the last experiment was 
also used here, the free end of the india-rubber tube being 
introduced in the same fashion up toe the middle of the 
thoracic part of the cesophagus, 


THE EXPERIMENT .PROPER :— 


This experiment was conducted exactly in the same 
manner as the last, with this difference. Instead of noting the 
pressure changes during inhalations, they were noted during 
exhalations. The final average showed a fall of 34:88 mm. 
of water. Detailed readings are tabulated on the next page. 


REMARKS :-—- 


Physiologists know it very well that intra-thoracic pressure 
continues to}:be negative even during normal exhalation. It 
ig observed to be about 61'2 mm. of water. From the pre- 
sent experiment we find {that the cesophagus yields to the 
intra-thoracic pressure changes in exhalation also, As the 
negative intra-thoracic pressure has decreased during exhalation’ _ 
so the negative intra-cesophageal pressure has also decreased. 
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Fig. I 





Deep Inhalation with Controlled Abdomen. 
( Side View } 


wo, 1] PRESSURE EXPERIMENTS IN PRANAYAMA 


EXPERIMENT V 
OBJECT OF THE EXPERIMENT — 


The object of this experiment was to ascertain the intra- 
cesophageal pressure during deep inhalation when the abdom- 
inal muscles were kept controlled, because that is the type 
of inhalation practised in Pranayama. The intra-pulmonic 
and intra-thoracic pressures would then be roughly inferred 
from the intra-cesophageal pressure and the depths of Yogic 
and non-Yogic deep inhalations be compared. 


PREPARATION OF THE SUBJECTS:— 


The same subjects were tried in this experiment as in 
the last and were taken up for it immediately after that 
experiment. ake 


THE APPARATUS — 


The apparatus used in the last experiment was also 
used here but with one change, Instead of water, mercury 
was usedto measure the pressure changes, 


THE EXPERIMENT PROPER — 


Subjects were made to practise deep inhalation with the 
abdominal muscles kept controlled. A side view of one of the 
subjects is shown in Fig.]. The inhalations were practised 
in a sitting posture. Readings were noted down as_ they 
were peatlas e for each successive inhalation. Averages being 
worked out as in the foregoing experiments, the final aver- 
age showed a fall of 21:2 mm. of mercury. Detailed read- 
ings are tabulated on the next page. — 


REMARKS :— 


Physiologically inspiration causes negative pressure in 
the thorax. The deeper the inspiration the’ greater is the 
fall in the intra-thoracic pressure. Western physiologists have 
recorded this fall to be about 30 mm, of mercury. We have 
reason to believe that in the present experiment, the intra- 
thoracic pressure must have fallen by something more than 
30 mm. Hg,, because generally the fall in the itra-thoracic 
pressure is much greater than the fall in the imtra-cesophageal 
pressure which in this experiment is as much as 21'2 mm. 
So we see that the Yogic inspiration is much deeper than the 
ordinary} deep inspiration studied by the Western physiologists. 
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Fig. I 





Deep Inhalation with Contracted Abdomen. 
{Side View ) 


Ho, 1 ] PRESSURE EXPERIMENTS IN PRANAYAMA 
a EXPERIMENT VI 
OBJECT OF THE EXPERIMENT :--_ Q 


The object of this experiment was to determine the 
intra-cesophageal pressure during deep inhalation when the 
abdominal muscles are kept contracted, so that a comparison 
might be instituted between the results of this experiment 
and the last. Because such a comparison would settle the 
question asto which of the two types of inhalations secured 
deeper inspiration. 


PREPARATION OF THE SUBJECTS :— 


The same subjects were tried in this experiment as in the 
last and were taken up for it directly alter that experiment. 


THE APPARATUS :— 
The apparatus used in the last experiment was also 
used here. 


THE EXPERIMENT PROPE R:— 


Subjects were made to practise deep inhalation with the 
abdominal muscles kept contracted. The inhalations were prac- 
tised in a sitting posture. A side view of one of the sub. 
jects is shown in Fig. II. Readings were noted down as they 
were available for each successive inhalation. Averages being 
worked out as in the foregoing experiments, the final aver- 
age showed a fall of 17°36mm. of mercury, Detailed read- 
ings are tabulated on the next page. 


REMARKS ‘— 

The fall in the intra-cesophageal pressure recorded in 
this experiment is much less than the fall noted in the last. 
Now the intra-cessophageal pressure decreases in proportion to 
the depth of inhalation. Hence we conclude that the inhala- 
tion secured in the last experiment is deeper than the inhala- 
tion made available in this. The contracted abdominal musce 
les prevented the diaphragm descending ag low as in the pre- 
vious case. 
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Fig. [I 


Deep Inhalation with Protracted 
{ Side View | 





Abdomen. 


No. 1 | PRESSURE EXPERIMENTS IN PRANAYAMA 


; | EXPERIMENT VII 
OBJECT OF THE EXPERIMENT :— 


The object of this experiment was to determine the intra- 
esophageal pressure during deep inhalation when the abdom- 
inal muscles were kept protracted,so that a comparison might 
be instituted between the result of this experiment and that 
of the fifth, Because such a comparison was calculated to 
settle the. question as to which of two types of inhalation 
secured deeper inspiration. 


PREPARATION OF THE SUBJECTS :— 


The same subjects were tried in this experiment as in the 
last and were taken up for. it directly after that experiment. 


THE APPARATUS :— 


The apparatus used in the last experiment was also used 
here, 


THE EXPERIMENT PROPER :— 


Subjects were made to practise deep inhalation with the 
abdominal muscles kept protracted. The inhalations were prac- 
tised in a sitting posture, A side view of one of the sub. 
jects is shown in Fig. III, Readings were noted down as they 
were available for each successive inhalation. Averages being 
worked out as in the foregoing experiments, ‘the final average 
showed a fall of 16°33 mm. of mercury. Detailed readings are 
tabulated on the next page. 


REMARKS :— 


The fall in the intra-cesophageal pressure recorded in this 
experiment is much less than the fall noted in Experiment V. 
Now the intra-cesophageal pressure decreases in proportion to the 
depth of inhalation, Hence we conclude that the inhalation 
secured in Experiment WV was deeper than the inhalatian 
made available in this, In protracting the abdomen, the dia- 
phragm might, indeed, descend lower, but the ribs remain 
depressed; and the advantage gained by the descent of the 
diaphragm is more than lost by the depression of the ribs. 
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Fig. IV 





Deep Exhalation. 
{Side View J 


mO,1)° PRESSURE EXPERIMENTS IN PRANAYIMA 
EXPERIMENT VIII 


OBJECT OF THE EXPERIMENT :—- 


According to the accepted physiological principles the intra- 
thoracic pressure continues to be slightly negative even in the 
deepest expiration. The object of this experiment was to 
find whether or not the cesophagus shares the negative press- 
ure prevailing in the mediastinal cavity during deep expiration. 


PREPARATION OF THE SUBJECTS :— 


The same subjects were tried in this experiment as in 
the last and were taken up for it immediately after that 
experiment. 


THE APPARATUS — 


The apparatus used in the last experiment was also used 
here, 


THE EXPERIMENT PROPER :-— 


Subjects were made to practise deep exhalation in a sitt- 
ing posture. ‘A side view of one of the subjects is shown in 
Fig. 1V. ‘Readings were noted down as they were available 
for each successive exhalation. Averages being worked out as 
in :the foregoing experiments, the final average showed a rise 
of 15°12 mm. of mercury. Detailed readings are tabulated on 
the next page- 


REMARKS :— 


The result shows that the csophagus is not affected by 
the negative pressure available in the mediastinal] cavity even 
during deep expiration. On the contrary the cesophagus shows 
a rise in positive pressure. This looks to be due to the pre- 
ssure of the surrounding organs applied individually to the 
cesophagus during the act of forced expiration. 
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Fig. V 





After Deep Expiration if Inspiration igs Maintained 
with Closed Glottis, 
{Side View] 
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ro. 1 ] PRESSURE EXPERIMENTS IN PRANAYAMA 
EXPERIMENT IX: 
OBJECT OF THE EXPERIMENT :— 


The object of this experiment was to determine the intra- 
cesophageal pressure after deep ‘expiration if inspiration was 
maintained with closed glottis, It is to be noted that the res- 
piratory conditions required in this experiment form the first 
factor in the technique of Uddiyana. For in that exercise 
after deep expiration one tries to inhale while he keeps his 
glottis closed. The other factor in Uddiyana consists of 
further elevation of the ribs by a more thorough contraction 
of the intercostals. Now this experiment is important from 
the Yogic point of view, because it determines the pressure - 
changes due to the first factor in the execution of Uddiyana. 
It would also enable us to calculate the pressure changes 
due to the second factor, when we compare the results of 
this experiment with that of the eleventh which records the 
pressure changes due to full Uddiyana. 


PREPARATION OF THE SUBJECTS :— 


The same subjects were tried in this experiment as in 
the last, and were taken up for it directly after that 
experiment, 


THE APPARATUS =>=- 


The apparatus used in the last experiment was also 
used here. 


THE EXPERIMENT PROPER :— 


Subjects were made to attempt inhalation alter they had 
deeply exhaled, while they held out their breath by keep- 
ing the glottis closed. This they were required to do in a 
sitting posture, A side view of one of the subjects is shown 
in Fig, V. Readings were noted down as they were avail- 
able for each successive attempt to produce. the necessary 
condition in respiration. Averages being worked out as im 
the foregoing experiments, the final average showed a fall of 


Y.M5 ‘33 
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3368 mm, of mercury. Detailed readings are tabulated on 
the next page. 


REMARKS !— 


Western physiologists have conducted experiments on the 
respiratory conditions taken up for the present experiment. 
In determining the intra-thoracic pressure, they found a mini- 
mum fall of 30 and a maximum fall of 80mm. of mercury. 
When we compare the result of our experiment with their 
findings, we obviously see that the cesophagus is greatly 
affected by the decrease of the intra-thoracic pressure during 
the respiratory conditions under experiment here. 


Again when we compare the result of the present ex- 
periment with that of the eleventh, we find that the fall in 
the intra-cesophageal pressure caused by the first factor in 
the technique of Uddiyana, is smaller than the fall caused 
by the second factor, For this experiment records a fall of 
33-68 mm. Hg., whereas the eleventh experiment records a 
fall of 788mm. Hg. By deducting 33°68 from 785 we get 
45°12 mm. He, as the decrease in the intra-cesophageal 
pressure due to the second factor in the performance of 
Uddiyana. According to Experiment XI, 788 mm, of mercury 
represents the fall in the intra-cesophageal pressure caused 
by the full execution of Uddiyana. 
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VOGA-MIMANSA ° [ Vou, Iv 
EXPERIMENT 
OBJECT OF THE EXPERIMENT :— 


The object of this experiment was to determine the intra- 
cesophageal pressure produced after inspiration, if expiration 
is maintained with closed glottis, The importance of this ex- 
periment will be fully understood when we study Experi- 
ment XII. 


PREPARATION OF THE SUBJECTS :— 


The same subjects were tried in this experiment as in 
the last and were taken up for it immediately after that 
experiment. 


THE APPARATUS -— 


The apparatus used in the last experiment was also used 
here, 


THE EXPERIMENT PROPER :— 


Subjects were made to attempt exhalation with closed 
elottis after they had deeply inhaled. They were required 
to do this in a sitting posture, A side view of one of the 
subjects is shown in Fig, VI. Readings were noted down as 
they were available at each successive attempt to produce 
the necessary condition in respiration. Averages being worked | 
out as in the foregoing experiments, the final average show- 
eda rise of 50°56 mm. of mercury. Detailed readings are tab- 
ulated on the next page. 


REMARKS 


According to the Western physiologists the rise in the 
intra-thoracic pressure available in conditions under experiment 
here, is from 60 to 100 mm. Hg. When we compare with this 
a rise of 50:56 mm. Hg. in the intra-cesophageal pressure, we 
at once see that under the conditions produced here, the 


cesophagus very largely yields to the pressure produced in the 
mediastinal cavity. 
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Fig. VI 





After Deep Inhalation if Exhalation is Maintained 
with Closed Glottis. 


(Side View ) 
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YOGA-MIMAWBA { VOL, IV 
EXPERIMENT XI 
OBJECT OF THE EXPERIMENT :— 


The object of the experiment was to ascertain the intra- 
esophageal pressure during Uddiyana, with a view to under- 
stand by inference the intra-pulmonic and intra-thoracic pre- 
ssures that would prevail during that practice. 


PREPARATION OF THE SUBJECTS:— 
The same subjects were tried in this experiment as: in 


the last, and were taken up for it immediately after that 
experiment, 


THE APPARATUS :— 


The apparatus used in the last experiment was also used 
here. 


THE EXPERIMENT PROPER :— 


Subjects were made to practise Uddiyana in a aie 
posture. A side view of one of the subjects is shown in 
Fig. VII. Readings were noted down as they were available 
in each successive attempt at Uddiyana. Averages being work- 
ed out as in the foregoing experiments, the final average show- 
ed a fall of 788 mm, Hg. Detailed readings are tabulated 
on the next page. 


REMAKS :— 


This high negative pressure of 788 mm. Hg. in the 
cesophagus unmistakably points to a higher negative pressure 
in the thorax and a still higher negative pressure in the 
lungs during the practise of Uddiyana. 
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Fig. VI 





Uddiyana. 


{Side View } 
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EXPERIMENT All 


OBJECT OF THE EXPERIMENT :— 


The object of this experiment was to determine the intra- 
cesophageal pressure during Uddiyana practised after full 
snhalation and thus to infer the intra-pulmonic and intra-ceso- 
phageal pressures in this particular development of Pranayama. 


PREPARATION OF THE SUBJECTS — 


The same. subjects were tried in this experiment as in the 
last, and were taken up for it directly after that experiment. 


THE APPARATUS + 


The apparatus used in the last experiment was also used 
here. 


THE EXPERIMENT PROPER :— 


Subjects were made to practise Uddiyana after deep inha- 
lation, in a sitting posture. A side view of one of the sub- 
jects is shown in Fig. VIIl. Readings were noted down as 
they were available for each successive Uddiyana. Averages 
being worked out as in the foregoing experiments, the final 
average showed a rise of 36°96 mm. Hg. Detailed readings 
are tabulated on the next page. 


REMARKS :-- 


The difference between this experiment and the tenth is 
that in Experiment X after deep inhalation the glottis was 
closed and an exhalation was ‘maintained; whereas here instead 
of maintaining exhalation, further attempt ig made at inhalation. 
This difference in technique explains the difference of 13°6 mm. 
Hg. in the two pressures. The respiratory _ condition required 
in this experiment is an important development in Pranayama. 
We can infer that the intra-thoracic and intra-pulmonic press- 
ures produced in the respiratory condition of this experiment, 
must be lower than these pressures produced by respiratory 
conditions required in Experiment X. 
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Fig, VIII 





Uddiyiina after Deep Inhalation. 
(Side View } 
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PRESSURE EXPERIMENTS IN PRANAYA 
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PRESSURE CHANGES IN 
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Ri "Ener | | Desrtigtion of Pressure| Ist Average | 2nd Average | 
1 Las the Nares| During Ordinarylnspiration | -F 26° mm. =e tm, | 

; of water of water 
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= re is During Ordinary Expiration + 208 mm. + 25°2 mm. 
of water of water 


ty ew coe eaenet ——————— 
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- 85-2 mm. | 
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3 | Intra-(Ese- | During Ordinary Inspiration | ~ !11°6 mm. 
phageal | of water of water | 
eee nA Crete eee Re, (ree 
A ri During Ordinary Expiration | - 52 nim, | - +6°4 mm. | 
of water | of water | 
| | | 
| ail Tae | 
a Pr During Forces Inspiration -296mm.: Hg. | -22 mm, Hg. | 
| with Controlled Abdomen | 
i eis 
Wis a | 
6 + During Forced Inspiration | 7 20°38 mm. He. - 148 nun. Hg. 
| with Contracted Abdomen 
Oma One Bee el 
ri " | During Forced Inspiration| ~25°6mm. Hg. | - 10mm. Hg. 
with Pontractal Abdomen | 
8 "2 During Forced Expiration + l4mm. Hg. + 64 mm. Hg. 
9 in After Forced Expiration if| —25°"2mm. Hg, | - 44° mm. Hg, 
Inspiration is Maintained i 
with Closed Glottis ‘ | 





| 


10 " | After Foreed Inspiration if | 93°6mm. Hg, | ++ 42 mm. Hg. 
Expiration is Maintained 


with Closed Glottis 





——- 





11 " | In Uddiyana after Forced|  - 63°6 mm. Hg. -80'8 mm. Hg. 
| Expiration 








a 








+ 27°6 mm. Hg, | + 78mm. Hg. 


oP Uddiyana after Forced 
Inspiration | 








42 


PRANAYAMA AT A GLANCE 
















































































3rd Average | 4th Average Sth Average | Final Average 
| = 18 mm, -21°2 mm. | = 164 mm. - 20'4 mm. 
| of water of water of water of water 
eae, i Seas 
; + | 
10 mm. + 10 mm. + 10 mm. + 15°2 mm. 
of water of water of water of water 
Se as —— eS a 
= 94°58 mm. - 50 mm. = 64 mm. = 81°12 mm. 
of water of water of water of water 
= 33'2 mm. - 18°86 mm, | - 24 mm. | — 34°88 mm. 
of water of water of water of water 
| 
et aan 
-21'6 mm. Hg 14mm. He | — 18°38 mm. Hg. ; - 212mm. Hg. 
pros wa ‘a a ae | - 
17'2 mm. Hg | ~12 mm. Hg. | — 22 mm, Fly, ; ~17'36mm. Hg. 
Wace vats rw eee ee eae —|----—— 
~ 19'6 mm. Hg, - [08 mm, Hg. | - 1/84 mm. Hyg | ~ 16°98 mm. Hg 
| + 88 mm. Hg. + 12mm. He, + 324mm. Hg, | + 15°12 mm. Hg. 
| 
rn SF SORES — 
~ 62 mm. Hg. -17-6mm,Hg, | - 188mm. Hg, | - 33°68 mm. Hg. 
| 
i os 
+ 
+ 66°38 mm, He. ++ 26°4 mm. He. | + 62 mm, Hg. 50°56 mm. Hg. 
are Ree ae 
Le ee ———} > | 
— 120°8 mm. Hg. - 468mm. He. | = 82 mm, Hg. | — 76" nun: Hg. 
i 
+ 42 mm. He. +356 mm, He. + 51°6 mm. Hg. rel Rarenad nosecel Macon + 36°96 mm. Hg. 


The Director of the Kaivalyadhama is ever willing to help those who are 
in earnest about their spiritual advancement, as he confidently 
feels that this help will in a way he'p his cause. 


THE SEMI-SCIENTIFIC SECTION 
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The Circulatory System and the Diaphragm. 


1 The Heart. 4 The Abdominal Aorta, 
2 The Arch of the Aorta, 5 The Superior Vena Cava, 
3 The Thoracic Aorta, 6 The Inferior Vena Cava—Thoracic. 


/ The Inferior Vena Cava—Abdominal, 


PRESSURE CHANGES IN PRANAYAMA 


Pressure changes in Pranayama can best be understood 
when they are studied along with the pressure conditions in 
ordinary respiration In this note, we shall, therefore, discuss 
both the types of pressure changes side by side, 


Three types of pressures will be taken into account, name- 
ly, intra-pulmonic, intra-thoracic and intra-cesophageal, although 
we may refer to some other pressures induced by the res- 
piratory actions, normal and abnormal. Before we proceed to 
deal with the development of these pressures, however, we 
shall briefly refer to some anatomical points about the thorax 
and the organs situated in it, so that our readers can easily 
understand the discussion that follows. 


ANATOMY OF THE THORAX 


The thorax is an air-tight compartment closed at the bottom 
by means of the diaphragm and covered over by the dome 
of the ribs. This thoracic compartment is elastic, shrinking 
and swelling alternately, several times every minute. It has 
no direct communication with the atmosphere outside. In this 
compartment are accommodated two elastic bags in the form 
of the lungs covered with the pleure. These pulmonary bags 
are not air-tight, but have communication with the atmosphere 
through the air tubes. The lungs, however, do not occupy all 
the space that is available in the thorax. Some of it has been 
left vacant and is occupied principally by such organs as the 
heart, the aorta and its branches, the inferior and superior - 
venz cavee, and the cesophagus.. Even in their most contracted 
form, the lungs keep pressing upon these organs, Figs. 1X and % 
taken together illustrate these organs as contained in the thorax. 
The cavity which contains the heart, the cesophagus etc, lies 
between the two lungs and‘is known as the mediastinal cavity. 
It has no direct communication with the external air. 


THE INTRA-PULMONIC PRESSURE 


Intra-pulmonic pressure may be defined as the pressure 
exerted on the lungs by the air contained therein. During the 
act of respiration, whether it is normal or abnormal, this pres - 
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ssure is constantly undergoing changes. We shall first try to 
understand the changes going on in the intra-pulmonic pressure 
during normal breathing. Let us start with the act of inhalation. 


According to science three conditions must always be 
fulfilled before air can move from one place to another. 


(i) There must be difference in pressures of the two 
places between which air is to move. 


(ii) These two places must have a free communication 
with each other. 


(iii) The place to which air is to move must be under 
lower pressure, 


Now in inhalation external air moves into the lungs, This 
is because the three conditions laid down just now are fully 
satislied. Throughout the act of inhalation, the thorax is be- 
ing opened out, by the progressive elevation of the ribs, and 
the contraction and descent of the diaphragm. Thus the 
thoracic capacity is increased and along with it the capacity 
of the lungs. This increase in the capacity of the lungs, leads 
to the rarefaction of the air contained in them and_ the 
intra-pulmonic pressure is lowered, Before the expansion of the 
thorax, the air inside the lungs is at the same pressure as the 
atmosphere outside. But afterwards owing to rarefaction, the 
air inside the lungs stands at a lower pressure than the ex- 
ternal air which continues to be at the atmospheric pressure. 
In this way the first and the third conditions are satisfied. 
The air passage affords free communication between the lungs 
and the external air, thus fulfilling the second condition. 


As soon, however, as the thorax ceases to expand, the 
air pressure inside the lungs and outside them, becomes equal, 
and the movement of air stops. There is a pause. So we 
find that throughout inhalation the intra-pulmonic pressure is less 
than one atmosphere and that in the pause which follows, this pre- 
ssure becomes equal to the atmosphere. 


Alter the pause the thorax begins to sink, the lungs 
begin to contract and consequently the air inside the lungs 
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becomes more dense, This increases the  intra-pulmonic pre- 
ssure which becomes greater than one atmosphere. Naturally 
the movement of air is from the lungs to the external atmos- 
phere. Throughout the act of exhalation the intra-pulmonic pressure 
continues to be higher than one atmosphere; and when the lungs 
cease to contract any further, it again becomes equal to the atmos 
phere and leads to another pause. 


The pressure changes taking place in deep breathing are 
not different from the pressure changes occurring in normal 
respiration. Throughout the act of deep inhalation, the intra- 
pulmonic pressure is lower than the atmosphére, whereas 
throughout the act of deep exhalation, the intra-pulmonic 
pressure is higher than one atmosphere. The two pauses, one 
following deep inhalation and the other following deep ex- 
halation, are characterized by an atmospheric pressure in the 
lungs, just as in the normal breathing. 


Some of our readers may find it difficult to follow the 
statement made in the last paragraph. They are likely to be 
under the impression that deep inhalation and exhalation must 
record greater pressure changes than normal inhalation and 
exhalation; and that the pauses occurring in deep _respira- 
tion must show higher intra-pulmonic pressure than the ordi- 
nary pauses in breathing, But this impression is not based 
on facts. We shall explain how. 


First of all we have to remember one physiological prin- 
ciple. The amount of air to be breathed in or breathed out 
will invariably depend upon the capacity of the lungs to con- 
tain air at the atmospheric pressure. At no stage either in deep 
or normal respiration can a man take in or give out even 
one c.c. of air over and above the amount his lungs can 
contain. That means at any stage in respiration, so long as 
there is free communication between the lungs and. the at- 
mosphere outside, the volume of the air contamed in: ‘the lungs 
and the capacity of the lungs are equal. The reason is obvious. 
As there is free communication, the air imside the lungs al- 
ways tries to maintain itself at the atmospheric pressure either 
by getting rid of the excess or by making up the shortage. 
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Now in deep inspiration we admittedly take in a larger 
volume of air than in ordinary inspiration, But this is because 
in deep inspiration we increase the capacity of lungs far more 
than in ordinary inspiration. Hence even when the volume of 
air inhaled in deep inspiration is larger, it is mot larger than 
the capacity of the lungs. For this reason even in deep inspi- 
ration intra-pulmonic pressure is the same as in ordinary in- 
spiration. It continues to be slightly lower than one atmos- 
phere. 


During the pause that follows deep inhalation, the intra- 
pulmonic pressure becomes equal to the atmosphere outside 
the lungs. 


The pressure changes occurring in deep exhalation are 
the same as those occurring in normal exhalation, because in 
both the cases, the change in the intra-pulmonic pressure is 
due to the shrinkage in the capacity of the lungs. The pressure 
is slightly above the atmosphere. 


Again at the end of deep exhalation, the intra-pulmonic 
pressure becomes equal to the atmospheric, during the short 
pause that follows. 


Up to now in this discussion about the pressure changes 
in deep breathing, we have taken for granted two things, 
namely, the air passage to be fully open throughout and the 
respiratory movement to be smooth in all its stages. If for 
any reason, however, the air passage becomes partially closed 
or the respiratory movement becomes hurried, different press- 
ure changes will take place in the lungs, First we shall take 
up hurried respiration. 


Hurried respiration means quick expansion and contraction 
of the lungs which in its turn means sudden increase and de- 
crease in the capacity of the lungs. Now when the lung capa- 
city increases suddenly, there will be a proportionately sudden 
fall in the intra-pulmonic pressure, and this pressure will be 
much lower than the pressure in smooth inhalation, because 
the incoming air wil] take some time before it can raise the pre- 


50 


No. 1 ] PRESSURE CHANGES IN PRANAYAMA 


ssure. In smooth inhalation, as soon as there is a little low- 
ering of the intra-pulmonic pressure, the external air gets in 
and raises it to one atmosphere; but in hurried inhalation 
the fall in pressure is sudden and it takes some time before 
the external air can get im and re-establish the atmospheric 
pressure. Hence in hurried inhalation the intra-pulmonic 
pressure is lower than in smooth inhalation. Whether the in- 
halation is normal or deep is immaterial, 


Similarly if the contraction of the thorax is quick, there 
is a sudden decrease in the capacity of the lungs, The com- 
pressed air cannot get out as quickly as it is being com- 
pressed, Hence the pressure is raised much higher than in 
smooth exhalation. The air in the compressed lungs takes 
some time to flow out and thus to reduce the pressure to 
one atmosphere. [n smooth exhalation as the process of the 
pulmonic contraction is slow, air begins to flow out as soon 
as there is a little rise in the intra-pulmonic pressure. So 
we find that in hurried exhalation, the rise in the  intra- 
pulmonic pressure is greater than in smooth exhalation, It 
does not matter whether the exhalation is normal or deep, 


Similar changes in the intra-pulmonic pressure will take 
place, if the air passage to and from the lungs is not fully 
open. This passage may become narrow under certain 
pathological conditions. It may also be voluntarily narrowed 
down by a partial closer of the glottis. This latter proce- 
dure often forms a part of the technique of Pranayama. 


Even when the contraction and expansion of the lungs 
is slow and progressive, if the glottis is partially closed, 
air will take more time than ordinarily, either to get out 
or to get in for re-establishing atmospheric pressure in the 
lungs. Hence the rise or fall in the intra-pulmonic pressure 
will be greater than when the glottis is fully open and 
will last longer than ordinarily. 


If the movement of the lungs is sudden and is at the 
same time accompanied by a partial closure of the glottis, the 
rise or fall in the intra-pulmonic pressure will still be greater. 
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Up to now we have studied changes in the intra-pul- 
monic pressure as they occur during normal or deep breath- 
ing, with the glottis fully open or partially closed. Now we 
proceed to discuss those pressure changes which can be pro- 
duced in the lungs, when the glottis is completely closed, 


It does not require any physiological study to know that 
the glottis can be closed at any stage in inhalation or ex- 
halation, either normal or forced. After this is done, the 
respiratory muscles can be manipulated in a number of 
ways, thus producing any number of varieties in the intra- 
pulmonic pressures. Because when the glottis is closed, the 
air in the lungs remains a constant quantity and every change 
in the capacity of the lungs will give a different pressure. 
As students of Pranayamic pressure changes, we are not, how- 
ever, concerned with these infinite varieties of pressures. In 
Pranayama we have to deal with pressures produced after 
deepest exhalations or deepest inhalations followed by a com- 
plete closure of the glottis. We shall first discuss the pressure 
changes produced after exhalation. 


Alter the deepest exhalation, the only possible manipu- 
lation of the respiratory apparatus is towards inhalation. Now 
as the glottis is to be kept closed, this inhalation will only 
be a mock inhalation, accompanied by void movements of the 
inspiratory muscles without any movement of breath. It will 
be easily seen that this mock inspiration may be normal or 
may be of the deepest possible type. The Western physiologists 
have taken notice of the normal void inspiratory movement, but 
have left out the other. It is to be noted that from the Pranaya- 
mic point of view the other movement alone is important. 


Even in the void inspiration, the lung capacity is increas- 
ed and as the quantity of air in the lungs continues to be the 
same, the intra-pulmonic pressure is greatly lowered. Even 
if the inspiratory movement is normal, the decrease in the 
intra-pulmonic pressure is considerable; but the attempt at 
deepest inspiration is capable of producing extreme negative 
pressure in the lungs. On the strength of the experiments 
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published in the Scientific Section, we can safely state this 
negative pressure to be as great as 90 mm, Hg,, if not greater. 
In Yogic language this deepest void inhalation following the 
deepest exhalation is known as Uddiyana, 


Now we take up pressure changes produced after deep 
inhalation. Naturally these changes are produced by void 
attempts at expiration, and the results tend to increase the 
intra-pulmonic pressure. During all these attempts the capa- 
city of the lungs decreases. And as the quantity of air 
in the lungs remains constant, the intra-pulmonic pressure is 
raised. If the expiration attempted is the deepest, it pro- 
duces extreme pressure in the lungs, raising it even above 
[00 mm, of mercury. As this extreme pressure, repeatedly 
produced, is likely to do considerable damage to the system, 
Yogic exercises do not go to this length. There is one prac- 
tice in Pranayama where very high intra-pulmonic pressure 
is created, but it is considerably lower than the extreme press- 
ure noted above. This practice consists of maintaining Uddi- 
yana after the deepest inhalation. 


To summarize ovr discussion on the intra-pulmonic press- 
ure changes, we find that the inspiratory movement, whether 
normal or forced, slightly lowers the pressure whereas the 
expiratory movement slightly raises it. The two pauses are 
characterized by an intra-pulmonic pressure equal to one 
atmosphere. Void and deep inspiratory movements after the 
deepest expiration lead to extreme negative pressure, while 
void and deep expiratory attemps raise the intra-pulmonic 
pressure to an extreme point. 


THE INTRA-THORACIC PRESSURE 


Intra-thoracic pressure may be defined as the. pressure 
prevailing in the thorax outside the lungs, that is, ‘the pre- 
ssure existing in the pleural and the mediastinal cavities. 
In this note we shall not discuss the pressure changes in the 
pleural cavity; but shall satisfy ourselves with a study of. the 
pressures in the other cavity only. 
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In the few points regarding the anatomy of the thorax 
that we noticed at the beginning of this note, we saw that 
the mediastinal cavity is an air-tight compartment. Hence it 
is clear that the atmosphere cannot directly influence the 
pressure changes in the thorax. It is to be noted, however, 
that the lungs keep constantly pressing upon the organs contained 
in the mediastinal cavity. And as the atmosphere perpetually 
presses upon the lungs, the organs situated in the mediastinal 
cavity are always influenced by the atmosphere through the 
lungs, though not directly, Now the lungs standing between the 
atmosphere and the intra-thoracic organs, that is, the organs in 
the mediastinal cavity, do not allow the whole of the atmos- 
pheric pressure to be put upon these organs, but try to reduce 
it by their constant tendency to contract or recoil. It is to be 
remembered that the lungs are perpetually on a stretch and 
even during the deepest expiration they cannot contract them- 
selves to their normal size. Hence and owing to their con- 
stant tendency to recoil upon themselves, the lungs are perpet- 
ually counteracting the intra-pulmonic pressure, this counteract- 
ing pressure being equal to the force created by the elastic 
recoil cf the lungs. Im Fig. IX we have illustrated these two 
pressures by two types of arrow-heads pointing in the opposite 
direction, It will be clear to our readers, therefore, that the 
pressure put upon the mediastinal organs, that is, the intra- 
thoracic pressure, must be equal to the difference between 
the two pressures, namely, the intra pulmonic pressure and 
the pressure created by the elastic recoil of the lungs. 


Now since under ordinary circumstances, the intra-pul- 
monic pressure is equa! to one atmosphere, the intra-thoracic 
pressure must be negative, because it is always less than the 
intra-pulmonic pressure by an amount equal to the recoil of 
the lungs. The negative pressure is measured by this pul- 
monic recoil, | 


The force exerted by the recoiling lungs will vary accord- 
ing to the condition of contraction or expansion in which the 
- lungs will be at a particular point of time. If the lungs are 
put on the fullest stretch this force will be maximum, as is the 
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case in the deepest inspiration; but the force will be minimum 
when the lungs are fully contracted, as they are in the deepest 
expiration. Western physiologists have tried to measure the 
pressure of this elastic recoil. Onan average they found that 
the pulmonic recoil is equal to 75 mm. Hg. at the end of an 
ordinary inspiration and equal to 45 mm. Hg. at the end of 
an ordinary expiration, In the deepest inspiration this recoil 
is 30 mm. Hg. 


From the figures quoted just now we understand the 
measure of the negative pressure present in the intra-thoracic 
region. If we take the usual amount of pressure in the lungs 
to be 760 mm. of mercury, that is, the ordinary atmospheric 
pressure, we can work out the intra-thoracic pressure there- 
from. Deducting 45 from 760, we get 755-5 mm. Hg. to be 
the intra-thoracic pressure at the end of an ordinary expira- 
tion. In the same way ( 760-75) 7525 mm. Hg. would be 
the intra-thoracic pressure atthe end of a normal inspiration. 
But at the end of a deep inspiration, the intra-thoracic pressure 
will be as low as ( 760-30) 730 mm. of mercury. 


Thus far we have discussed intra-thoracic pressure changes 
that occur while the glottis is open. The same rule, how: 
ever, will apply to intra-thoracic pressures produced with the 
glottis closed. Because the intra-thoracic pressure will always 
be equal to the intra-pulmonic pressure minus the recoil of 
the lungs, even when extreme negative and positive pressures 
are produced in the lungs themselves. Thus in Uddiyana if 
the intra-pulmonic pressure is 680 mm. of mercury and the 
recoil of the lungs amounts to 10 mm. Hg,, then the intra-thoracic 
pressure will be equal to ( 680-10)670 mm. of mercury. So 
also when expiration is maintained after deep inspiration, 
and the intra-pulmonic pressure rises as high as.860 mm. of 
mercury, if the recoil of the lungs is 10 mm. Hg. the. intra- 
thoracic pressure will be (860-10) 850 mm, of mercury. 


To sum up this discussion on the intra-thoracic pressure 
we find that it closely follows the intra-pulmonic pressure, 
the difference between them being always equal to the 
recoil of the lungs. The intra-thoracic pressure, under © ordi- 
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nary circumstances, is generally negative, although it can rise 
or fall to an extreme, in correspondence with the intra- 
pulmonic pressure. 


THE INTRA-ESOPHAGEAL PRESSURE 


The organs situated in the mediastinal cavity, such as the 
heart, the cesophagus, the aorta and its branches, the two vene 
cave, are all externally exposed to the intra-thoracic pressure, 
and more or less yield to it. The degree to which these organs 
are affected depends partly upon their internal pressure and 
partly upon the toughness of their walls. We now turn to 
the cesophagus and try to study its internal pressure as_ it 
is affected by the intra-thoracic pressure to which it 1s 
exposed. 


After a number of experiments it has been found that 
the intra-cesophageal pressure is very largely alfected by 
the intra-thoracic pressure, and keeps close correspondence 
with it. If there is a fall in the intra-thoracic pressure, there 
is a corresponding fall in the intra- cesophageal pressure, although 
ona smallar scale, Again if there isa rise in the intra-thoracic 
pressure, there is a corresponding rise in the intra-cesophageal 
pressure although on a smaller scale. So whenever there are 
variations in the intra-thoracic pressure, there are invariably 
corresponding variations in the intra-cesphageal pressure, although 
the variations do not take place in any exact proportion. 


If we now remember that there is always an agreement 
between the different changes in the intra-thoracic and the 
intra-pulmonic pressures, we can safely conclude, that the three 
pressures, namely, intra-cesophageal, intra-thoracic and _ intra- 
pulmonary, vary as one another, though not in any exact 
proportion. We can also state it as a general proposition that 
in a particular condition of respiration, the intra-cesophageal 
pressure is less positive or less negative than the intra- 
thoracic and the intra-thoracic, lower than the intra-pulmonary. 
Thus in a particular condition of respiration, if one of the three 
pressures could be known, the other two may be roughly inferred, 
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The matter will at once become clear to our. readers, if 
we quote a few figures here. 







Description of Pressure Intra-CEsophageal Intra-Thoracic 
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In the twelve experiments published in this issue, we have tried 
to know the intra-cesophageal pressures prevailing in the diff- 
erent stages of Pranayama. From these pressures we should 
be able to get a rough idea about the corresponding pressure 
conditions in the thorax and in the lungs. 


EFFECTS OF PRESSURE CHANGES ON BLOOD FLOW 


The three types of pressures that we have studied thus 
far, greatly affect the flow of the venous blood, But before 
we can clearly understand this subject, it is necessary for us 
to take notice of a fourth type of pressure, we mean the 
intra-abdominal pressure. Just like the thorax, the abdomen is 
an air-tight compartment. Ordinarily pressure conditions inside 
this compartment ‘are not negative. The — intra-abdominal. 
pressure is raised either by the descent of the diaphragm. 
or by the contraction of the abdomen. If both these things. 
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simultaneously occur, the rise in pressure is considerable. 
Perhaps Uddiyana and Nauli are the only exercises which 
make the intra-abdominal pressure negative. 


In our discussion on the intra-thoracic pressure, we have 
seen that under ordinary circumstances, that pressure remains 
always negative. Thus if we compare the abdomen and the 
thorax, we find that under ordinary conditions the thorax 
stands at a lower pressure than the abdomen. 


Now if we take the inferior vena cava, we find that the 
lower part of it is situated in the abdomen, while the upper 
part lies in: the thorax. ( Vide Fig. X). It means that the lower 
part of the vena cava stands under a higher pressure than 
the upper part of it. The natural result is that the blood 
flow towards the heart is greatly accelerated. The right 
auricle of the heart into which the inferior vena cava ends 
also stands at a lower pressure than the abdomen. Hence 
it is able to suck up the blood from the lower part of that 
vein. What happens in the case of the inferior cava also 
happens in the case of the superior cava. That vein also is 
exposed to unequal pressures, the intra-thoracic pressure being 
lower than the extra-thoracic pressure. Hence we find that 
the negative pressure in the thorax enables the heart to suck 
up venous blood from all the extra-thoracic parts. This effect 
is often called the aspiratory action of the thorax. 


In normal inspiration, the thorax becomes more favourably 
situated for executing its aspiratory action, Owing to the de- 
scent of the diaphragm, the intra-abdominal pressure is raised 
and the intra-thoracic pressure is lowered because the lungs 
are put upon a stretch, The difference in the two pressures 
increases, which proves more favourable for the suction of 
the venous blood. It may be easily seen that the deeper the 
inspiration, the more favourable are the conditions established 
for raising the venous blood to the heart. If after deepest 
inspiration, the abdominal muscles are vigorously contracted, the 
pressure condition becomes most favourable for the suction of 
the venous blood. : 
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We have noticed in our discussion on the  intra-thoracic 
pressure, that this pressure remains negative even after the 
deepest exhalation, Owing to the contraction of the abdom- 
inal muscles, the abdominal pressure is, however, raised. In 
this way even after the deepest exhalation, the difference 
between the intra-thoracic and extra-thoracic pressures remains 
great and favours the aspiratory action of the thorax. 


If we take mto consideration the flow of the arterial- 
ized blood from the lungs to the heart, we find that even 
normally pressure conditions are favourable to it. We have 
seen that the intra-pulmonic pressure is always higher than the 
intra-thoracic pressure, Here too it may be noted that deep 
inspirations will increase the difference between these two pre- 
ssures and establish more favourable conditions for the blood 
flow to the heart. Deep expirations, however, will tend to 
make the conditions less favourable, because they lead to a 
decrease in the difference of the two pressures concerned. 


To sum up, we find that inspiration, whether normal or 
deep, always helps the blood flow towards the heart, whether 
the blood comes through the venz cave or the pulmonary 
veins. Expiration, whether normal or deep, also helps the 
flow through the cavz:, but establishes less favourable con- 
ditions for the blood flow through the pulmonary veins. — 


Now only one question remains to be discussed. What 
is the effect of these pressure changes upon the arterial 
blood flow ? 


As a general rule arteries are far less affected by ex- 
ternal pressure changes than the veins, The reason is three- 
fold. The walls of the arteries are thick and tough, whereas 
the walls of the veins are thin and weak, Again the internal 
pressure in the arteries is very high while the internal pre- ° 
gsure in the veins is quite low. Thirdly the veins are 
distensible, but the arteries are otherwise. Hence external 
pressures can easily affect the veins, but not the arteries, 


This should not be interpreted to mean that the press: 
ure changes in ordinary respiration and also in Pranayama 
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are not able to influence the arterial blood flow. As a matter 
of fact even the normal inspiration does improve the circula- 
tion in the arteries, Pranayamic inspiration must, therefore, 
affect arterial blood flow far more favourably, In order to 
understand this position, we must note a few points in the 
cardiac work, 


We know that the two cave collect the venous blood 
from allover the body and pour it into the right auricle. 
This auricle remains relaxed for receiving this blood across 
nearly seven-eighths of a second, when it contracts suddenly 
and pours down the venous blood into the right ventricle in 
about one-eighth of a second. From the right ventricle, the 
blood is pressed into the lungs by its contraction, After be- 
ing arterialized there, it comes again to the heart, being col- 
lected into the left auricle through four pulmonary veins. 
This left auricle also just like the right one, keeps itself 
relaxed for receiving the incoming blood and then by its sudden 
contraction, empties itself into the left ventricle. Thereafter 
this ventricle in its turn contracts vigorously and forces out 
blood through the aorta to be circulated over the whole 
body and to be ultimately returned to the right auricle. 


Having followed the blood flow along its complete cycle 
of circulation, we shall now proceed to see how this bload 
flow is affected by the respiratory pressure changes. We 
have already seen that during inspiration, owing to a higher 
pressure in the extra-thoracic region and a lower pressure 
in the intra-thoracic part, larger quantities of venous blood 
are drawn towards the heart through the two cave. This 
venous blood is collected in the right auricle for the follow- 
_ing reason, The external pressure, namely, the intra-thoracic 
pressure is the same so far as the thoracic cave and_ the 
right auricle are concerned, But during relaxation, being 
empty, the right auricle is at a far lower internal pressure 
than the loaded veins. Hence the whole quantity of venous 
blood. flowing through the cave is collected in that auricle. 
It is to be remembered here that this right auricle itself, 
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being under a negative external pressure, becomes more 
than usually distended during inspiration and is thus capable 
of admitting larger quantities of blood than ordinarily. This 
larger quantity is then poured into the right ventricle and 
from there is pushed into the lungs. The pulmonic veins 
drain this larger quantity from the lungs, because of the lower 
intra-thoracic pressure, and the left auricle collects it all be- 
cause of its lowest internal pressure. Then the left auricle 
sends this whole larger quantity into the left ventricle, which 
in its turn finally pushes it to the different parts of the 
system through the aorta and its branches. 


Thus we see that inspiration though it does not distend 
arteries, does send through them a richer blood supply and 
thus favourably influences the arterial flow. If the inspira- 
tion is deep, as in Pranayama, the favourable effect will 
be greater. 


We have seen above that, even during the deepest 
expiration, the intra-thoracic pressure continues to be negative 
although on a smaller scale. Hence pressure conditions are 
still somewhat favourable for the venous flow. And as_ the 
arterial flow would depend ordinarily upon the venous flow, 
even the deepest expiration, does not adversely affect the 
arteries. 


Sl 


N. B.—Instruction in Yogic culture higher as well as lower 
will be given gratis at the As'rama to everyone that earnestly seeks it. 
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UJJAY] PRANAYAMA EXPLAINED 


_Iy this axticle we propose to offer physiological expla- 
nations for the different parts of the technique of Ujjayi. 
Research work required to be done for a clear and thorough 
understanding of any type of Pranayama is so vast, that we 
have not succeeded in covering even a small fraction of it. 
However, we think it desirable to present to our readers 
whatever we could understand of the physiology of Ujjayi 
from our researches and reserve further explanations for the 
time when additional investigation would be done. In dis- 
cussing the physiology of Ujjayi, we might discuss some of 
the points common to all varieties of Pranayama. 


First we shall try to understand scientifically the 
question of the posture required to be assumed, in Ujjayi. 
On p. 272 of the third volume, we have stated that Ujjayi can 
be practised either in sitting or in standing or even in 
walking. There we have also pointed out that these options 
are available for a physical culturist only. A _ spiritual 
culturist has been advised to prefer the sitting posture. Before 
discussing the physiological aspects of these different positions 
of the body, we shall notice two features which are com- 
mon to them all. 


A physical culturist’ as well as spiritual culturist, 
practising Ujjayi has to keep his spine erect, whether the 
exercise is gone through while one is sitting, standing or 
walking, being immaterial. We have discussed at length the 
physiology of this part of the technique of Ujjayi m our 
artide on the meditative poses in the last two _ issues, 
There we have rejected the view which holds that the erect 
spine is essential for the right functioning of the spinal cord. 
It has been pointed out in. that article that: even in the 
most erect position of the spine,that organ continues to 
have two natural curves which cannot be effaced and that 
the right functioning of the spinal cord is not interfered 
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with by any spinal curves at all. Fig, XI illustrates the 
natural curves in the vertebral column. In the same article 
we have shown that owing to the surrounding membranes, 
the fluid, and the fatty tissues, the spinal cord is left un- 
affected by any bends, shocks or jerks of the “spine. After 
thus criticizing the popular view, we have advanced our own 
view regarding the physiological advantages of an erect 
spine. The elimination of the possibility of the compression 


of abdominal viscera was claimed to be the principal ad- | 


‘vantage of an erect spine. The other advantage pointed 
out there, is the minimizing of the spinal burden. It has 
been stated that an erect posture puts minimum burden on 
the spine. 


There is, however, a third advantage in keeping the 
spine erect, It ensures freedom for the diaphragm in_ its 
respiratory movements, When a man sits stooping, the com- 
pressed abdominal viscera seriously interfere with the move- 
ments of the diaphragm. All the three advantages due to the 
erect spine must be secured by a student of Yogic culture, 
whether he practises Ujjayi in sitting, standing or walking. 


When Ujjay? is practised while one is standing or walk- 
ing, one is likely to commit the following error as regards 
the position of the spine. A student of Yoga is likely to 
throw out his chest as shown in Fig. XII, and give his 
spine a backward bent. This is physiologically incorrect. In 
throwing out his chest, the student stretches his abdominal 
muscles which cannot, therefore, move freely and thus _inter- 
fere with respiration, Fig, XIII] represents the correct stand- 
ing position for the exercise of Ujjayi. 


Having considered the advantages of an erect spine, we 
now proceed to discuss the physiological significance of the 
position of the hands, In Ujjayi, the hands must rest on the 
knees as shown in Fig. LXXII or LXXIV in the third volume, 
if Pranayama is being practised in sitting, Or they may rest 
in front as illustrated in Fig, XIV, If the exercise is being 
undergone while the student is standing or walking, the hands 
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must rest on the iliac bones as pictured in lig, XIII. If 
the full orthodox technique is ta be strictly followed, during 
exhalation the right hand may rest on the nose. Under no 
circumstances should the hands hang from the shoulders, 
thus putting their burden on the chest. 


For any exercise in respiration whether it is Pranayama 
or any other type of breathing, the chest must be entirely 
free from burden, so that the respiratory movements may 
be as complete as possible. Hands, if they keep hanging 
from the shoulders, do put a burden upon the chest and do 
not allow inspiration as thorough as it would otherwise be, 
When the hands are given any of the resting positions 
pointed out above, this burden is partly removed and a 
freer inhalation is the result. Any one that practises Ujjayi 
first with hands hanging and then with hands resting, can 
easily verify this statement. When the exercise is to con- 
tinue for a considerable length of time, the burden of the 
hanging hands begins to be felt seriously. It is, however, 
immediately. relieved, if the hands are given any of the 
resting positions available in this practice. Weak persons 
sitting in the meditative poses for a long time, will find it 
more comfortable to rest the hands in front than to rest 
them on the knees. 


After the spine and the hands, the abdominal muscles 
come up for consideration. We mean the muscles comprising 
the front wall of the abdomen. We wish to examine Prana- 
yama mainly for two values, for the oxygen value and for 
the nerve culture value. So the study of the abdominal 
muscles will also proceed from the point of view of these 
two values. 


Taking for our examination the oxygen value first, we 
have to determine which position of the abdominal muscles will 
enable a student to inbale a larger quantity of oxygen for 
his system. Two positions have been advocated for inkala- 
tion. Western physical culturists, so far as we know, recom- 
mend the muscles to be relaxed and kept protracted, being 
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pushed out by the abdominal viscera. Yogic technique re- 
quires these muscles to be kept controlled. Figs. XV and XVI 
respectively illustrate the protracted abdomen and the 
controlled abdomen in inhalation, Which of the two positions 
of the abdominal muscles will secure more, oxygen in 
inhalation ? 

Western physical culturists have claimed that the pro- 
tracted abdomen allows the diaphragm to descend lower, thus 
ensuring larger thoracic capacity and a richer quantity of 
oxygen in: inhalation. According to them the controlled 
abdominal muscles will retard the diaphragmatic descent and 
thus would lead to a smaller expansion of the thorax and a 
lesser quantity of oxygen in inhalation. We have performed 
a number of experiments in this connection and we have 
found that the position taken by the Western physical cul- 
turists is more imaginary than real. 


~ For verification we have to revert to Experiments V 
and Vil given in the Scientific Section of this issue. There 
we have studied the intra-cesophageal pressure: caused by 
inhalation, both with protracted abdomen and with controlled 
abdomen, In the case of the controlled abdomen, the intra- 
cesophageal pressure turned out to be -21'2 mm, of mercury 
whereas in the case of the protracted abdomen it was found 
to be —- 16°38 mm. of mercury. Now as shown in our article 
on the pressure changes in Pranayama, there is correspondence 
in their variations between the intra-cesophageal pressure and 
the intra-pulmonic pressure. Hence we can conclude that the 


fall in the intra-pulmonic pressure, is greater in inhalations » =. 


with controlled abdomen than in inhalations with protracted 
abdomen. These results lead us to the conclusion that the 
pulmonic capacity becomes much larger in inhalations with 
controlled abdomen than in inhalations with protracted ab. 
domen. That means, one is able to inhale larger quantities of 
oxygen when the abdomen is kept controlled than when the 
abdomen is kept protracted, 


We have discussed the reason of this phenomenon in our 
remarks on Experiment VII. It is this: The protracted ab- 
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domen does, indeed, allow the diaphragm to descend lower than 
the controlled abdomen, but the protracted abdomen depresses 
the ribs, and this more than counterbalances, the advantage 
gained by the lower descent of the diaphragm. Without going 
into details, we may also point out, that the X-Ray experiments 
on the diaphragm and the ribs published in the third volume 
lead to the. same conclusion as the experiments on pressure 
changes published in the current number. Thus we find that 
all experimental evidence conclusively proves that with the 
controlled abdomen one secures a larger quantity of oxygen 
in his inhalation than with the protracted abdomen. That is 
the reason why we think that the position taken up. by the 
Western physical culturists is more imaginary than real. Thus 
we see that the Yogic technique of inhalation is physiologically 
sound, so far as the oxygen value is concerned, 


( To be continued ) 
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A SHORT COURSE » 
in 
YOGIC PHYSICAL CULTURE 


(3 to7 turns each; the pose being main- 
| tained for 2 to 5 seconds, one more turn 


/ Bhujangasana | being added to each, every fortnight. 
Ardha-S’ala- | First only Ardha-Halasana to be tried 
bhasana for 2 seconds in each stage. Then the 
Dhanurasana full pose may be taken through the four 
Halmeans | different stages, each stage being main- 
| tained for 2 seconds only. 3 to 5 turns, 

(adding one turn every fortnight, 
Pas'chimatina | To be maintained for 5 seconds, 3 to 7 


turns, adding one turn every fortnight, 
Ardha-Matsyen- eae be maintained for 5 seconds, 3 to 7 


drasana turns, adding one turn every fortnight. 
Yoga-Mudra or To be maintained for 10 seconds. 3 to 
Uddiyana 5 turns, adding one turn per week. 


(First Ardha to be practised with 2 
| seconds’ pause at every stage. A(fter- 
Viparita Karani < wards the full pose to be taken with 
| 10 seconds’ pause. 2 to 5 turns, adding | 
lone turn every fortnight. 


Ujjayi 7 to 21 turns, adding 3 per week. 
A FEW GENERAL! HINTS 


1. This Short Course is framed for those people who 


cannot, for want of time, strength or wish, follow the Com- 
plete Course given on pp. 288-292 of the second volume. 


2 All the hints given to Yogic physical “culturists in 


the Complete Course should be applicable to this Short Course 
also. 
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3 All the exercises may be started at the age of 9, 
Ujjayi and Uddiyana should not be begun, however, before 
12 or even 13. 


4 This Short Course is available to females as well as 
to males, 


5 In the case of females it is desirable to suspend all 
the Yogic exercises during the monthly illness and pregnancy. 


6 Those that can tolerate Yogic exercises in the morn- 
ing, may, if they so choose, undergo this Short Course both 
morning and evening. Others should practise Ujjayi and 
Uddiyana in the morning and the rest of the exercises in 
the evening. Ujjayi is to be practised in the evening also. 


7 It there is a considerable break in the practice of 
these exercises, whenever the exercises are to be started 
again, they should start on a humbler scale, although the full 
measure may be reached somewhat rapidly. 


& After severe illness the Yogic exercises should he. 
undertaken only when the patient recovers sufficient energy 
for their practices. It would always be desirable, by way of 
a cautious measure, to prefix to the practice of these exercises, 
a moderately long walk every day for a week or go. 


9 This Short Course may be made shorter not by omit 
ting any of the practices tabled here, but by undergoing all 
the exercises on a smaller scale. 


10 Although the practice of this Short 2Course is compara- 
tively innocent, people suffering from any serious disorder 
should not undertake these exercises on their own responsi- 


bility. 
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Following diseases, especially in their chronic condition, 
can be effectively treated by the Yogic methods : 


Constipation 
Dyspepsia 
Head-ache 
Piles 
Heart-disease ( functional ) 
Neuralgia 
Diabetes 
Hysteria 
Consumption 
10 .Obesity 
II Sterility ( certain types ) 
I2 Impotence 
13° Appendicitis, Ge. 


OMmry amb WKH 


Therapeutical advice is given gratis at the As'rama to 
patients coming for consultation. 


Arrangements have been made under the supervision of the As'rama 
for patients to stay on payment of actual expenses, Rs. 45/- per_mensem. 


f2 


YM 


MISCELLANEOUS 


THE KAIVALYADHAMA 


A&A REVIEW OF ITS AOTIVITIES 


FRoOm OCTOBER to24 To MancH i930 


FOUNDATION AND IDEALS 


THE Kaivalyadhama was founded at Lonavla by S‘rimat Kuvalayananda 
with himself as the Director on the Vijayadas ami day in 1846 of the S'aka 
era, that is, on the 7th of October, 1924, A.D. In a statement issued by the 
founder some six months earlier in connection with the then proposed 
institute, the following lines appeared regarding its principal ideal. 

“The Kaivalyadhama has for its principal ideal the co-ordination of the 
Western and Eastern thought; and hopes, by their assimilation, to work out 
a philosophy which will, perhaps, give satisfaction to the greater part of 
humanity,” 

The founder is of opinion that the Western thought is in essence the 
result of modern sciences, whereas the Eastern thought is mainly based on 
the'spiritual experiences of the mystics. He, therefore, believes that a co- 
ination of the modern sciences and the mystic experiences will lead toord 
the assimilation of the Western and Eastern thought. The following 
Paragraph may be quoted here from the statement referred to above. 

“The Yogins, right from Patan’jali, the greatest exponent of Yogic 
science, knew how to induce the highest spiritual stages. As the objective 
sciences had not developed till late, it was not possible for these stages to 
be experimented upon; and though lately there has been a startling advance 
in modern sciences, their exclusive material tendency and equally exclusive 
spiritual tendency of the Yogins, have led to a complete but an unlucky 
divorce of the two schools of thought. The Kaivalyadhama is anxious to 
wed these together and produce results which will lead to the realization of 
the ideal indicated above.” 


Along with the principal ideal, the subordinate ideals of the As’rama 
were also enunciated in the same statement in the following words. 

“ The Kaivalyadhama, however, proposes not.only to conduct the above 
mentioned research, but also wants to start institutions of higher education in 
sociology, spiritual and physical culture. It also intends sending out youths 
that will selflessly help the building up of their nation. 

It may be noted at this place that in the case of .the Keivulyadhaea: 
the adoption of the subordinate ideals was absolutely necessary for the 
realization of its principal ideal. This point requires a little elucidation. 
The co-ordination of modern sciences with mysticism means laboratory 
research in-the -field of Yoga. Now this research work requires the 
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services of two classes of men, namely, research scholars who would con- 
duct the experiments etc, and the subjects upon whom the experiments 
would be done. It is essential that both these types of men are advanced 
students of Yoga andhave a very very good intellectual equipment also, 
although the subjects do not require it as much as the research scholars. 
No Indian university produces this type of graduates. Hence the establish- 
ment of an academy where along with Yogie training students would be 
given intellectual instruction, had to be kept as one of the subordinate ideals. 

Again research scholarship is a matter of aptitude, so also advanced 
studentship in Yoga, Outofalarge number of candidates under training 
only afew would develop themselves into research scholars or advanced 
students of Yoga that may make useful subjects. The remaining would be 
useless for research work, although they were likely to be of great service 
to humanity, in any other spiritual work. Hence it became desirable to 
think of utilizing their services, and the spiritual uplift of humanity in 
general, was, therefore, fixed up as another subordinate ideal of the 
As rama, 

Moreover out of the candidates selected at the Kaivalyadhama for 
training, there would be some who would be highly intelligent and capable 
of carrying on research though not in the field of modern sciences, Their 
Yogic equipment or their native intuition would be such as would enable 
them to study civilizations, ancient and modern, from the spiritual point of 
view. Such men had to be given a field of activity, Hence it was thought 
desirable that the idealsinecluded the study of different civilizations. This 
ideal of a study of different civilizations, was not expressly enunciated in 
the statement referred to above, but has been clearly defined in the aims 
and objects of the Kaivalyadhama Spiritual Service. ({ Vide 288, Vol. Ill. ) 

Further, among the students being trained in the Kaivalyadhama there 
would be a large number of youths who would make good subjects and whose 
Yogic culture would. qualify them for a variety of selfless service of 
humanity, although their intellectual equipment would be moderate. These 
youths, it was thought, would be of great use in the spiritual uplift of 
Indian villages. Hence Village Service has also been adopted as another 
subordinate ideal of the As'rama. ( Vide 292, Vol. IIL ) 

Again according to the East, philosophy is something to be lived, not 
merely to be theorized, Hence such ‘philosophical principles as would be 
evolved by the Kaivalyadhama, are to be translated into action. The 
members of the As'rama are not to be satisfied only by themselves putting 
these principles in practice, but it is their duty to get their fellow beings to 
act according tothem, Hence the organization of an active service had 
to be kept as still another subordinate idéal of the Kaivalyadhama. 

The foregoing paragraphs will make it amply clear that so far as the 
Kaivalyadhama is concerned, the subordinate ideals are a necessary and. 

logical outcome of its principal ideal, The founder is happy to see that dur- 
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ing the last five years’ time, he has been keeping himself strictly within the 
limits of these ideals; and had absolutely no occasion to depart from them. 


THE RESEARCH 


The principal ideal of the As'rama is the co-ordination of modern sciences 
and Yoga. Although the most important part of this co-ordination would 
and should refertothe advanced stages of Yogic culture, the scientific 
interpretation of the lower Yogic processes was also considered to bea 
valuable work. The Director could also see that his way to higher co- 
ordination would be prepared if he undertook the lower work first. Again 
there were extraneous circumstances which made metaphysical or psycho- 
physiological work impossible to begin with. The ideal of the Kaivalyadhama 
was an altogether new ideal in India. Hence before it became popular, it 
was impossible for the Director to get the necessary men and money. The 
researches in the field of metaphysics or psycho-physiology were not likely 
to appeal to the imagination of the monied section of the Indian population, 
Hence the scientific interpretation of the physical culture and therapeutical 
sides of Yoga, was considered by the founder to be the best way to popular. 
ize higher scientific research in Yoga. That ‘the Director's calculations in 
this regard, have tolerably come true can best be seen from the popularity 
the As’rama has attained throughout India within such a short period of its 
existence. A number of appreciations appearing on different pages in this 
number will bear eloquent testimony in this connection. That is why it 
was decided to begin the scientific research with reference to Yoga as a 
system of physical culture and therapeutics. Needless to say that such a 
research was bound to be mainly physiological and anatomical. 

During the'last five years or more for which the As'rama is in existence, 
the research has progressed satisfactorily. X-Ray and other laboratory 
means have been very largely used and a number of Yogic exercises such as 
Asanas, Bandhas, Kriyas, Mudras and Pranayamas have been studied scien. 
tifically. Their physical culture value and therapeutical value have been 
critically examined. The results arrived at are found to be as interesting as 
they are useful. The work thus far done has attracted the attention not only 
of many eminent Indians individually, but also of several Indian States and 
even of two Provincial Governments. On the strength of it, it has become 
possible for the As‘rama to spread its influence even beyond the limits of 
India. All these statements will be borne out from the short sketch of the 
developments of the As’rama that is attempted in the following pages. 

THE YOGA MIMANSA 

Although the As'rama was founded in October, 1924, the founder had 
begun his research work much earlier. Thus by the time the As'rama came 
into existence the Director had with him material enough for starting’ a 
quarterly journal.for the dissemination of the results of his research work. 
So the journal Yoga-Mimansa came into existence along with the As’rame. 
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Even during the short career it has had up to now, the Yoga-Mimans& has 
commanded circulation throughout the length and breadth of India and even 
abroad. Papers and periodicals, medical men and physical culturists, so 
also eminent men of light and leading, all have very warmly appreciated 
the material published in this journal. The testimonials extracted elsewhere 
in this number are a clear evidence of the high esteem in which this journal 
is held by the public. The Director begs to draw the readers’ attention 
especially to the appreciation of Dr, Rissom, professor of Physical ‘Culture, 
Heidelberg University, Germany; Dr. Clare, M. D., Carlton, Minn, 
U. S. Ae Dr. Caldwell of the Caldwell Health Home, Calif. U. S, A-; 
Dr. A. C. Bisharad, M-R. A. 3 (Lon.}, Caleutta; Prof, Manikrao, the 
most eminent Indian Physical Culturist, Baroda and Dr. Gananath Sen, 
M. As Le Me 8, Calcutta. The view of Mr. Mead, Editor of the Quest, 
London, is typical of the press notices. Dr. Sanjivi’s opinion shows how 
the work isfinding favour with Francae The extract from the report of 
Dr. A. Sousa, the Deputy Director of Public Health, United Provinces, so 
also the opinions of Sir C. V. Mehta and Diwan Bahadur Harilal Desai 
indicate the appreciation of high government officials. The notes of 
Pandit Motilal Nehru and Sir Shankaran Nair record the opinion of eminent 
Indians of light and leading. 


It is, however, very unlucky that the Yoga-Mimansa has always been 
running an irregular course. Still the Dire:tor feels confident that here- 
after the journal will be punctually published. 


In the three volumes that have just been completed quite a large field of 
Yogic exercises has been covered, Uddiyana, Nauli, Basti, Dhauti, 
Pranayama etc-, have been scientifically investigated and proved to be of 
great value as exercises for physical culture and therapeutics. Diseases 
such as constipation, auto-intoxication, appendicitis, epilepsy, thyroid-insuffi- 
ciency have been discussed and their treatment through Yogic Therapy has 
been indicated at length. Most of the hygienic exercises from Yoga have 
been treated in detail, and their technique has been described with utmost - 
accuracy. For a practical student of Yoga, this journal has become a 
reliable guide. 


That the paper occupies a high level in the journalistic world, is to be 
seen from the very valuable literature that is being exchanged with it. The 
Quest Society, London; The Open Court Publishing Company, Chicago 
(U.S. A.); The Eastern Buddhist Society, Kyoto (Japan); Indian Psychological 
Association, Calcutta; The Madras University, Madras; The Mythic Society, 
Bangalore; The Andhra Historical Research Society, Rajahmundry; The 
Visva-Bharati, Santiniketan ( Bengal); The Academy of Philosophy and 
Religiun, Nimbal; The Indian Institute of Philosophy, Amalner ; The Royal 
Asiatic Society, Bombay ; The Bhandarkar Oriental uesarck Institute, 
Poona; Government of India Archzological Department, Simla; The 
Nizam's Archaeological Department, Hyderabad (Deccan); The Indian 
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Philosophical Congress are all exchanging their periodical publications 
for the Yoga-Mimansa. 
S’'RI SARASVATI MANDIRA 
The response by way of exchanges for the Yora-Mimansa was almost 
immediate. Within a year’s time the Asrama began to receive a very large 
amount of periodical literature in exchange for its‘organ, the Yoga-Mimansa. 
It was, therefore, thought desirable to supplement these exchanges by a few 
papers and periodicals specially subscribed, so that the whole literature put 
together would’constitute a fairly rich reading room. Accordingly onthe 27th 
of September, 1925, that is, on the Vijaya Das ami day of the Aryan 
calendar, a free reading room was started in the As'rama. A beginning was 
also made at the same time towards developing the As'rama Library, the 
‘Free Reading Room and the Library being combined into one department 
called S’ri Sarasvati Mandira. © The Free Readirg Room is very largely 
availed of not only by the workers and students of the As'rama but also 
by the indoor and outdoor patients and visitors. The Library is yet in the 
making and requires much addition of books in different subjects. It is hoped 
that in about a couple of years the Library will have a decent degree of 
equipment: . 
THE RANA NATAVARASINGH CLINICAL LABORATORY . 


Ever from the foundation of the As rama patients began to ‘seek the- 
rapeutical relief from the Director. The spread of the Yoga-Mimansa put 
different provinces of the country in touch with the Kaivalyadhama. The 
result was that in a short time the number of patients beganto be so large 
that a clinical laboratory for their examination, under the management of 
a competent medical graduate became necessary. Early in. 1926 a medical 
graduate was engaged to work as the House Surgeon of the Asrama. His 
duty was and has been to conduct a thorough medical examination of the 
patient andto present the report to the Director. A moderately equipped 
clinical laboratory was organized under the auspices of the Kaivalyadhama. 
At this juncture very luckily for the As’rama, His Highness the Maharaja 
Ranasa heb of Porbandar promised a liberal grant of three thousand rupees a 
year: Out of gratitude to his Highness, the Director requested permission to 
associate the clinical laboratory with the royal name. of the Maharaja 
Ranasaheb-. The permission obtained, the then existing clinical laboratory 
was very idecently equipped and started under the new name of the Rana 
Natavarasingh Clinical Laboratory on the 16th of October, 1926, thatis, the 
Vijaya Das'ami day‘of the S'aka era. : 

During the last three years or more for which the Laboratory has been 
working, about thirteen hundred patients have been medically examined by 
the officer in charge. The facilities of medical examination available here 
are given not only to patients who comefor Yogic Therapy, but also to’ out- 
siders whodo not come to us for treatment, Many of the ‘local’ medical 
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institutions along with the Government Hospital at Khandala and the Hindu 
Sanatorium for Tuberculosis at Karla, take advantage of the Rana Natavara- 
singh Clinical Laboratory. All examinations are offered free ‘of charges 
The Clinical Laboratory has been found to be a great advantage by the 
public in and roundabout Lonavla. From the beginning of 1929 the Rana 
Natavarasingh Clinical Laboratory is being used by Probationers under 
training at the Academy for being instructed in Clinical Methods. 
RUGNA SEVA MANDIRA 

In less than two years and a half after the foundation of the As rama, the 
Kaivalyadhama began to attract patients from all parts of India on a large 
scale, Upto the end of 1926 these patients were housed in the same build. 
ings as the permanent inmates of the Asrama. It was, however, deemed 
desirable, because of the increasing number of patients, to have a separate 

thouse forthem, Accordingly a new bungalow was taken on hire, and a 
special health resort called Rugna Seva Mandira was established therein, 
The Director now finds this bungalow to be quite inadequate for the 
requirements of his therapeutical activities. At times, especially in the 
months of summer, there are as many as twenty-five indoor patients, whereas 
the provision is only of nine beds. It has become, therefore, imperative to 
have a special commodious building for Rugna Seva Mandiras Many 
patients stay outside the As'rama and come tothe Director for outdoor 
treatment, 

Since the foundation of the Asrama nearly two thousand people have 
been treated either as indoor or outdoor patients. People suffering from 

constipation, dyspepsia, auto-intoxication, nervous debility, asthma, piles, 
seminal weakness, heart troubles and a variety of other diseases have found 
great relief from Yogic Therapy, 

Yogic treatment, whether indoor or outdoor, is offered gratis to all 
patients coming to the As rama, The indoor patients are even boarded and 
lodged free of charge for the first two days. Even afterwards patients are 
made to pay only the actual expensese The Director feels extremely happy 
for thus being able to conduct the examinations and treatment of patients 
free of charge. Every day, however, this charitable work is putting an 
additional economic burden upon the As rama; and it is reasonably feared 
that financial considerations may oblige the Director to put a check on 
this activity, unless liberal monetary support is accorded to the Kaivalya. 
dhama by the public. 

A reference tothe Probationers under training at the Academy will be 
presently made, These Probationers have to be trained in Yogic Therapy 
along with other subjects. Rugna Seva Mandira affords these Probationers 
very good opportunity for getting clinical experience. This therapeutical 
department is a valuable help also to the Director in conducting his clinical 
research, Thus it will be seen that the Rugna Seva Mandira has. not only 
a clinical value but educative and research values also. 
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YOGIC PHYSICAL CULTURE 


One of the ideals of the Kaiyalyadhama is to evolve a system of physical 
culture based on Yoga and totake steps to popularize that system, Research 
work done in the Held of Yogic exercises from the physical culture paint of 
view, and published in the Yoga-Mimansa, went a long way in realizing this 
ideal, Institutions from different provinces sought the help of the Director in 
organizing physical culture: courses based on Yoga, The activities of the 
Asrama in this field of Yogic physical culture proved to be so valuable that 
two Provincial Governments thought it desirable to take advantage of the 
Director's knowledge of this subject. Late in 1927 the Government of Bombay 
appointed acommittee to inquire into the problem of physical training, 
S'rimat Kuvalayananda, the Director of the Asrama, was requested to be a 
member of this Committee. In their report submitted to the Government, this 
Physical Training Committee has highly spoken of the Yogic physical culture 
as it is'being systematized by the Kaijvalyadhdma, An extract relevant to 
this subject will be found at the end of this report. The other Provincial 
Government that interested itself in the Yogic system of physical culture 
was the Government of the United Provinces. In the summer of 1928 this 
Government deputed to the As rama their Deputy Director of Public Health, 
Dr, A. Sousa who came out onthis deputation was to report on the possibility of 
the Yogic exercises being introduced in the educational institutions of the 
United Provinces. The Deputy Director stayed in the Asrama for two 
weeks and aftera thorough study of the Yogic exercises from scientific and 
educational points of view, submitted an excellent report tohis Government, 
He has recommended very strongly the physical culture exercises as they 
have been systematized by the As’rama. The U, P. Governmenthave since 
then printed and published this report of Dr- A. Sousa. In the apprecia- 
tions appearing at the end of this review, quotations from the report 
under reference will be found. 

A very large number of educational institutions scattered throughout the 
Indian Nation, are requesting the Director to lend them the services of a 
trained Yogic physical culturist, It isthe sincere desire of the Director to 
respond to thiscall of the Nation, It will take, however, some time be- 
fore the As’rama finds it possible to send out trained Yogic physical 
culturists for the work required. 


SPIRITUAL CULTURE 


The sketch that has been attempted up to now of the activities of the 
As rama during the period under report, refers only to the physical culture 
and therapeutical sides. Properly speaking Yogic physical culture and 
therapeutics form only the subordinate ideals of the institution. The principal 
ideal as stated in the beginning of this report is the co-ordination of the 
spiritual phenomena of Yoga with the modern science, with a view to evolve | 
a philosophy that would, perhaps, satisfy the majority of mankind... The 
Director is happy to state that this ideal has been-.kept before the eye 
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throughout the growth of the Kaivalyadhama, ever since its foundation, [For 
reasons explained in some of the paragraphs in the beginning of this sketch, 
the work of spiritual and scientific co-ordination had to be postponed up to 
now and may not be begun in the immediate future. But preparations are 
being made for that work from the beginning of the As‘ rama. Highly develop- 
ed spiritual subjects, advanced spiritual culturists as research scholars, and 
a well-equipped laboratory are the three factors upon which spiritual 
research depends, Handsome provision of money may make the third 
factor ready in no time. But spiritually developed subjects and research 
scholars for spiritual investigation, will always take a long time to develop. 
The short career the As'rama has had up to now has been utilized in de- 
veloping these two types of spiritual culturists. Although the Director is 
satistied with what little progress has been made up to now, he is afraid it 
will take at least a few years more before people of the necessary qualifica- 
tion are produced in the Asrama. Constant efforts are being made to 
accelerate the spiritual progress of the inmates of the As rama. 

Every student admitted to the Kaivalyadhama is bound to have spiritual 
evolution through Yoga as the ideal of his life. No one that does not cherish 
this ideal is allowed to be an integral part of the institution. At present 
there are some [ifteen soula in the Asrema trying to be in tune with the 
Infinite, Every year a few fresh students are admitted. Itis only recently 
that the training facilities at the Kaivalyadhama have been tolerably com- 
plete, as will be seen from this report. When the Indian youth comes to 
know of these facilities, the Director feels confident that a larger number of 
students will be available. Whoever happens to read this report is earnestly 
requested to direct to this (As'rema earnest soul henkering for spiritual 
evolution, if he chances to come across them. 


S'RIMAN MADHAVA YOGA MANDIRA 
or 
THE MADHAVADASA ACADEMY OF SPIRITUAL CULTURE 


- The type of subjects and scholars required by the As'rama for its 
research work, cannot be available ready-made inthe market, Indian uni- 
versities do not produce this type of graduates. In these universities students 
have to take courses either in science or in philosophy. The Kaivalyadhama 
stands in need of students who have grounding in philosophy as well as 
sciences. Hence along with practical instruction in Yoga it became necessary 
to make arrangements for giving intellectual instruction to the graduates and 
undergraduates admitted to studentships at the Kaivalyadhama. Again, in 
order to secure a succession of workerswho could co-operate in an organized 
institution, for research and other things, it became necessary to frame a 
democratic constitution for the As'rama. The institution established for the 
spiritual and intellectual training of the students is called S‘riman Madhava 
Yoga Mandira or the Madhavadasa Academy of Spiritual Culture. The 
erganization of spiritual culturists forming an integral part of the Asrama, 
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is named the Kaivalyadhama Spiritual Service. First the Academy will 
be taken into account. 

Taking advantage of the ae anniversary of S’riman Madhavadisaji 
Maharaja, the revered Gurudeva of the Director, S‘riman Madhava Yora 
Mandira wae established on the 6th of January, 1929. S'‘rimat Kuvalayananda 
instituted himself as the Kulapati of this Academy and Dr. V. D. Mer- 
chant, a Retired Civil Surgeon of the Government of Bombay, was made 
the Superintendent. Dr, Merchant who is a highly evolved soul, after his 
retirement, has settled in Lonavla and has identified himself with the 
Agrama. Under his able guidance the Academy has worked for more than 
a year and the progress has been entirely satisfactory. 

Only such students as are capable of doing higher spiritual work are 
admitted to the Academy and are called Probationers under training. The 
course lasts for four years. Yogais studied from all points of view; spiritual, 
physical, therapeutical, scientific and philosophical. These Probationers 
after completing their course are bound to join the Kaivalyadhama Spiritual 
Service if the Director calls upon them to do so. The Asrama stands 
responsible for the boarding and lodging of these Probationers and also bears 
other expenses legitimately incurred by them as students under training. 

To begin with there were six probationers, two graduates and four under- 
graduates. One undergraduate has since then discontinued his course, 
In addition to the Kulapati and the Superintendent, the House Surgeon af 
the Asrama, Dr. B. M. Kadkol, M. 3B. B.S, is one of the tutors at the 
Academy. S’riman Raghunatha S'astri Kokaje, Tarkatirtha, is another tutor, 
He is responsible for the teaching of the Aryan Philosophy. Detailed in- 
formation about the Academy is to be found on pp. 300 to 304 of Vol. IIL. 


WORKING STUDENTSHIPS 


Youths whose intellectual qualifications are so humble as not to 
secure for them a career at the Academy, are admitted to Working Student- 
ships. This class of students gets practical training in Yoga as a system 
of spiritual and physical culture. No special attempt is made to improve 
their intellectual equipment. They are made to work in the Asrama for a. 
few hours. These working students also get their boarding and lodging 
free of charge and their other legitimate expenses are also borne by the 
As'rama. Rules and Regulations for Working Students are given on pp, 297 
and 298 of Vol, IIL 

SPIRITUAL TRAINING FOR OUTSIDERS 


For getting spiritual instruction in the Kaivalyadhama, one need not 
offer himself to be an integral part of the institution. One may come to 
the As tama whenever required by the Director for receiving instruction, 
That much stay is sufficient for being trained in Yoga. These outsiders . 
when they come to the As'rama are treated as Visitors. Rules concernilte | 
this class of people are given on p. 310 of Vol. LIL Mi 
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If these outsiders so choose, they can stay even outside the Astama in 
Lonavla; and be available for instruction when needed by the Director. 
Needless ta aay that all spiritual inatruction is given absolutely free of 
charge. : 


THE KAIVALYADHAMA SPIRITUAL SERVICE 


It has been stated above that the Kaivalyadhama Spiritual Service was 
instituted on the occasion of the eighth anniversary of S'riman Madhavada- 
saji Maharaja, It is mainly the members of this Service that go to form the 
Asrama, They are expected to be spiritual culturists of a fairly high level. 
It is their duty to perpetuate the traditions and to develop the work of the 
Kaivalyadhama, Self-sacrifice and constant anxiety to work for the spiritual 
uplift of mankind, either through research work or otherwise, are to be the 
characteristics of these people. It is a body of men who recognize respons- 
ibilities without rights. They are expected to live for others, to work for 
others, and to die for others. They look upon selfless service of humanity 
as one of the best aids to their spiritual evolution. ‘ Thyself Last "is to be 
their motto. At present S'rimat Kuvalayananda is the only member of this 
Service. He has instituted himself to be the First Member of it, Out of the 
different graduates into which this Service is divided he keeps himself to the 
last. He expects his successors to be far better equipped both intellectually 
and spiritually than himself, so that they can befit themselves for the higher 
grades, 

As soon as the Probationers at the Academy complete their course of 
training, those of them that will be found deserving, will be admitted to the 
Kaivalyadhama Spiritual Service, 

Outside the Academy one more candidate has been taken upas a Proba- 
Honer for this Service, It is Mr. Ramadasaji Gulati, whois a Manchester 
B+ Sc, in Engineering. He is to serve a probation of two years before being 
admitted to the Service. 


For detailed information about the Kaivalyadhama Spiritual Service see 
pp, 287 to 293 of Vol. III. 


THE VILLAGE SERVICE 


India is preponderantly a land of villages, The members of the Kai- 
valyadhama Spiritual Service are, by their equipment, expected to work in 
towns and cities. A humbler sort of race has to be evolved spiritually who 
can work among the villagers and look to the needsof their soul. The Direc. 
tor contemplates instituting a Village Service for this purpose as early as 
possible, Information given on p. 305 of Vol. III about the intended programme 
for this sort of service, will show that it can be instituted only if the As‘rama 
_ can make arrangements for instruction in Dairy Farming, Cattle Breeding 
and Agriculture, It is a costly programme and requires substantial donations 
toithe As'rama, The Director is, however, of opinion that the work of the 
Kaivalyadhama can never be said to be complete unless and until it prepares 
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men who can go out and settle in villages and work for the uplift of the 
rural population at present steeped in ignorance, 


THE |KAIVALYADHAMA AS A PARENT INSTITUTE 


The Kaivalyadhama is yet inits infancy. Still the Director is being 
pressed every day to establish its branches in the different parts of India. 
There are offers of properties for providing sites for these branches. 
Gentlemen have come forth to bear the running expenses. All this is very 
encouraging. It will, however, take some time before any serious work is 
started by the As rama outside Lonavla. 


THE FINANCE 


Up to now the Director has made no attempt to collect subscriptions 
from the public at large. Only a few ruling princes and merchant princes 
have been approached. The Director is very happy to note that the response 
from people thus approached has been encouraging, in most of the cases, 
Some of the personal friends of the Director are responsible for donations 
far beyond their means. Four occasions have left a deep mark on the econ- 
omic career of the Asrams, The first occasion arose when even before 
the idea of founding an As rama was entertained, a few friends of S‘rimat 
Kuvalayananda came forth to bear the cost of the research work he was 
then contemplating, The second occasion was marked by a liberal dona. 
tion of five thousand rupees on the part of S'rimant Pratapasheth of Amalner. 
It was this donation which enabled S'rimat Kuvalayananda to found and 
continue the work of the As'rama on a decent scale. The third occasion has 
been made memorable in the history of the Kaivalyadhama by a generous 
grant of three thousand rupees a year from His Highness the Maharaja 
Ranasaheb of Porbandar. This grant gave an immediate impetus tothe work 
of the As rama and enabled the Director to undertake many additional ac- 
tivities. It added to the prestige of the Kaivalyadhama enormously. The 
fourth occasion arose when Mr. Lalaji, Gokuldasa, an Advocate of the Bom- 
bay High Court, gave in donation to the As rama a decent garden at Borivyli, 
one of the beautiful suburbs of Bombay. This_ property is worth thirteen 
thousand rupees ; and is held in trust for the As rama by the Director, It 
has prepared the Director's way for starting a branch of the As'rama for 
Bombay. People responsible for the donations given on these occasions 
have earned the eternal gratitude of the members of the Kaivalyadhama. 

There are many others who have also helped the As'rama splendidly, 
Sir Prabhashankar Pattani, very early in the career of the Kaivalyadhama, 
placed the Director under obligation by allowing the As rama free use of his 
beautiful property situated at Lonavla. It is worth twenty’thousand rupees, 
His Highness the Thakoraaheb of Limbdi and his Personal Secretary, Misa 
Elizabeth Sharpe, deserve the best thanks of the Director for having firat 
introduced him and his work in Kathiawar. Their Highnesses - the 
Thakorsaheb of Morvi and the Maharaja of Bansda were kind enough. not 
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only to give decent donations but also honoured the Asrama with their 
visits. Thereare other states and other donora who have been equally 
kind to the Director. Srimat Kuvalayananda takes this opportunity to 
acknowledge his deep debt of gratitude to the persons referred to above and 
to others that have helped the Asrama to its |present position. 

Although the amounts given above appear encouraging the ever in- 
creasing needs of the As'rama require far richer donations to satisfy them. 
Even after a five years’ satisfactory career the Asrama is housed in rented 
buildings. There is no permanent fund nor are the different departments 
fully developed for want of adequate financial support. Work of this type 
requires to be placed on a sound economic basis. At a moderate calculation 
a sum of ten lace of rupees is needed for the development and satisfactory 
maintenance of the Kaivalyadhama. 

The As'rama isa public institution and is being maintained on the 
strength of public charities and the extreme sacrifice of its inmates. What- 
ever property it possesses belongs to none in his individual capacity. The 
Director himself isa recluse and has absolutely no economic interest in 
the property of the Kaivalyadhama. 


THE CONCLUSION 


Yogic culture is one of the richest legacies the ancient Indian savants 
have left to the world. The noble spiritual elevation that is seen in India 
even in her presznt deplorable condition, is mainly due to the influence of 
Yoga in one form or another, <A revival of this culture issure to raise her 
to her former position of glorious dignity, The Asrama is irying to bring 
Yoga in correlation with the present-day culture by attempting a scientific 
interpretation of its truths. It undertakes to train youths who will stand for 
whatever is best inthe different cultures of the earth, ancient or modern. 
Under these circumstances the Director humbly begs to suggest that it is the 
duty of every individual, who cares for the progress and well-being of hu- 
manity, to show his active sympathy to the As‘rama and enable its work- 
ers to realize their cherished ideals. 


Kaivalyadhama, Kuvalayananda 
LONAViLA, (J. G. Gune), 
April 30, 1980, Director, KAIVALYADHAMA. 
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Editorial Notes 


May the Maker of all make this journal a success. Blessed 
is the name of the Lord. May He bless the workers of the 
As'rama with a happy and prosperous career as servants of the 
world which is only the Lord Himself objectified. May He, 
that has created us in His infinite wisdom, lead us to the light 
that is beyond all darkness. 


ate ste de 


As stated in the Editorial Notes of the first number of 
this volume, the principal theme of the current volume is Pra- 
nayama. Hence we have included in this issue an article on 
Kapalabhati. Technically speaking Kapalabhati is not Prana- 
yama; but it is surely a breathing exercise of great cultu- 
ral value and forms part of the type of Pranayama called 
Bhastrika, In the next issue we shall discuss the technique 
of Bhastrika in its different varicties. 


fe at ale 


Wer could not include in this number our article ‘ Ujjayi 
Pranayama Explained’. Our reasons for this exclusion of the 
article are the same that were given in the last issue. The 
physiological arguments that are being advanced for explain« 
ing Ujjayi are all based upon the results of our experi- 
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mental work, The true significance of these arguments will 
be grasped by our readers, only if they intelligently follow 
the experiments. Now many of our readers have no ground- 
ing in physics and chemistry which is absolutely essential 
for understanding, not only the experiments, but also their 
bare results. So for the information of these readers it be- 
came necessary to give scientific notes which took up so 
much of our space. 


Our note on the ‘ Determination of COs and Os:’ is so 
arranged that a reader who does not know even the A, B, C 
of chemistry, should be able to follow our research work in- 
telligently, provided he tries to digest the note. It is written 
in the most popular language without sacrificing scientific 
accuracy as far as possible. However, it cannot be read as 
a sort of light literature. But we assure our readers that the 
labour they bestow upon the study of this note will be 
amply rewarded. Unless the facts discussed in this note are 
thoroughly digested, the physiological explanations of Pra- 
nayama will merely be empty words. That is why we 
were so particular about publishing this note in the present 
number, Again we could not publish it in parts. Because 
the experiments on the elimination of COs, that appear in 
this issue, would not have been clear to many of our 
readers without the study of this note taken as a whole. 

Nis 


But the note has taken away all our space. We had 
even to drop the Miscellaneous Section. There was no choice. 


te te ale 


Tue subsequent part of our article. ‘* Ujjayi Pranayama 
Explained’ will appear in the next issue. 
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N.B,—Those of our readers that claim no acquaintance 
with anatomy and physiology will do well to read 
The Semi-Scientific Section first. 
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ELIMINATION IN PRANAYAMA' 
INTRODUCTION 


Osz of the most important features of a physiological 
study of Pranayama, is the consideration of COs elimination 
in the Pranayamic process, The experimental work published 
in this issue bears on this consideration of COs elimination. 
The eight experiments included in this number are only a 
fraction of our research work in this direction, 


The problem of COs: elimination in Pranayama affords 
many points for examination. We mention here only a few 
of them, 


(’) Whether Pranayama enables a man to eliminate 
more CO: than the ordinary normal breathing in 
a particular unit of time ? 

(ii) What would be the most advantageous time unit for 
a round of Pranayama for the elimination of CO; 3 

(iii) Whether a larger time unit for a round of Prana- 
yama leads to a larger elimination of CO:? 

(ix) Has Kumbhaka a special valoc im Pranayama so 
far as the elimination of CO: is concerned ? 

(v) Is it desirable to omit Kumbhaka from the technique 
of Pranayama, if only the elimination of CO: is 
aimed at ? 


lf we were to satisfactorily solve these questions a very 
large number of experiments will have to be taken into 
account. As stated above we could not include more than eight 
experiments in this issue. Hence we must reserve the discussion 
on the first two points for the next number. We shall briefly 
examine the results of the eight experiments published here 





1. Those of our ‘Yeadera who have no training in physics and chemistry are 
strongly advised to digest our note on the ‘Determination of COs and Os" published 
in the Semi-Scientific Section. A very very clear grasp of that note is cir a ae 
understanding the experimental work appearing in this Section. 
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to see what answer 'we get to the remaining three points 
raised above. Let us take the third point. 


A reference to the last page of this Section where we 
have published a table summing up the results of the eight 
experiments, will show that we have used five time units 
therein. They are: I4’,21", 28", 35° and 49". It means that 
around of Pranayama was completed in 14”, 21", 28", 35° and 
49” respectively. Now let us take the first type of round. It 
took 14°. The result was that 3-97 parts in volume of COs: 
could be eliminated in one hundred parts of the expired air. 
Supposing now that the total quantity of the expired air 
was 2800c.c., the total quantity of COs eliminated comes to 
1i1-16 cc. 


Then let us take the second unit of 21”, Working out 'the 
figures as above we find that the total quantity of CO» elim- 
inated in 21” comes to 127-68c.c. At this rate only 85-12 c.c. 
would be eliminated during 14”, the length of the first unit. 
It clearly shows that in choosing a longer unit, not only we 
_do not get any advantage, but we lose heavily, so far as 
the elimination of CO: is concerned. An examination of the 
other longer units will bear out this very fact. The details 
will be discussed under different experiments. 


Then we come to the consideration of the fourth point. 
Has Kumbhaka a special value in Pranayama so far as the 
elimination of CO: is concerned ? For getting a reply to this 
question we have to examine the last three units, namely, of 
28”, 35” and 49". Let us take the first unit of 28". In Experi. 
ments III and IV, this same unit is used; but the distribution 
of time over the component parts of the Pranayamic round is 
different. In Experiment II] we have Kumbhaka of 7” and 
Rechaka of 14", the two together occupying 21”. In Experi- 
ment IV, all the 2!" are utilized in Rechaka. There is no 
Kumbhaka. The time taken for Piraka is the same in both 
the experiments, So the total time of the Pranayamic round 
is the same. The difference is only in the inclusion and ex- 
clusion of Kumbhaka. What is the result? We find that the 
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percentage of CO: eliminated in a Pranayamic round with 
Kumbhaka is lower than the percentage of CO: eliminated in 
a Pranayamic round without Kumbhaka. The same result is 
shown by a comparison of Experiments V and V1 for the 
unit of 35”, 


But the results of the third unit of 49” are different, Here 
the percentage of Coz: eliminated in a Pranayamic round with 
Kumbhaka is higher than the percentage of CO: eliminated in 
Pranayama without Kumbhaka. Here too, however, the 
advantage is very small, 


Putting together the results of the last six experiments, 
we come to the conclusion that Kumbhaka has no _ special 
value from the point of view of the elimination of COs. 
li Kumbhaka is of a sufficiently long duration, of about half 
a minute, it does give a slight advantage in this connection 
over Pranayama without Kumbhaka. But looking to the total 
length of time taken up by a Pranayamic round with a tolerably 
well protracted Kumbhaka, there is a decided disadvantage, 
so far as the elimination of COs is concerned, 


Naturally the answer to the filth point raised above ‘is 
in the affirmative. We can safely say that it-is desirable to 
omit Kumbhaka from the technique of Pranayama, if ithe 


elimination of COz is the only object in view. 


We strongly hope that our readers will not hastily jump 
to any conclusion regarding the general value of Kumbhaka 
which depends upon various factors, the elimination of CO: 
being only one of them. It is desirable that they wait and 
study Kumbhaka from different points of view and then set 
the right value upon it as an exercise of Yoga. 


For the purpose of the eight experiments under considera- 
tion, five subjects were examined, Each subject was required 
to make two attempts at the same type of round in Pranayama. 
Thus the final average in every experiment is worked out 
from ten figures. ares ef, 
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No special preparation of subjects was undertaken. It 
may be argued that the percentage of CO: in the expired 
air depends upon the general metabolism of man; and this 
general metabolism is largely affected by the type of diet he 
takes, So for experiments for determining the percentage of 
CO. in the expired air, subjects must be prepared with strict 
attention to their diet. The argument is valid when the total 
amount of CO: eliminated during a particular period of time, 
is to be determined. Here our attempt is not to ascertain 
anything of the type. We simply want to compare the per- 
centages of CO. in the expired air exhaled umler different 
Pranayamic processes, these Praniyamas being done under lhe same 
metabolic conditions. Thus the first attempts in Experiments Ill 
and IV were done by every subject at one and the same sitting. 
Of course, due time was allowed to escape between the two 
attempts for returning to normal after the little disturbance 
of the first attempt. The same was done in the case of Ex- 
periments V and VI or VII and VIII. In this way wherever 
a close comparison was necessary, we tried to perform the 
experiments under the same metabolic conditions. The experi- 
mental work, however, had to be carried across a few days. 
Ordinary precautions were taken to secure a tolerably uniform 
metabolism during these days. As, however, we were not 
dealing with the absolute quantities of CO: eliminated in a parti- 
cular period of time, we did not think it necessary to do anything 
more than we did for the preparation of the subjects) We 
wanted only to determine the comparative eificiency of the 
different types of Pranayamic processes. We may, however, 
assure our readers, that even for the calculation of absolute 
quantities of CO: in the expired air, our results may be 
taken as foleradly accurate. 


We will describe in detail in the Semi-Scientific Section 
of this issue, the apparatus we used and the methods we 
followed in carrying cut these experiments. The expired air 
was collected in a sort of spirometer over water. Its volume 
at N. T. P. was determined after correcting it tor vapour 
pressure. Then a measured portion of -it .was examined, 
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according to the gravimetric method, for estimating the 
quantity of CO. contained in it. The results arrived at gave 
us the weights of COs. From these weights the volume of 
CO. at N. T. P. was worked out and compared with the 
volume of the expired air originally corrected to N. T. P, 
Ultimately percentage of CO» in the expired air was cal- 
culated and the final average determined. On p. 120 will be 
found a table that shows the results of these experiments at 
a glance. 


We will publish additional experiments on this subject 


and on the absorption of QO», in the next number of this 
journal, 
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CO, ELIMINATION IN PRANAYAMA 
EXPERIMENT I 
OBJECTS OF THE EXPERIMENT — 


One of the objects of this experiment was to determine 
the percentage of CQ, in the air ‘expired during a Prana- 
yamic round of 7" Paraka and 7” Rechaka, with no Kumbhaka 
between them. The other object was to compare this per- 
centage with other similar percentages secured with Pranayamic 
rounds of longer time units, with a view to see whether the 
longer time units had an advantage over this, so far as the 
elimination of CO: was concerned, 


PREPARATION OF THE SUBJECTS :— 


Five subjects were tried in this experiment. They were 
young adults of sound constitution, with ages varying from 
twenty to twenty-nine. No special preparation was under- 
taken, It was only seen that no excitement either in 
physical or mental condition was present at the time of 
experimentation. 


THE APPARATUS :— 


As stated in the introduction to these experiments, the 
apparatus has been fully described in the Semi-Scientific 
Section of this issue at the end of our note on the ‘ Deter- 
mination of CO, and O:’. 


THE EXPERIMENT PROPER ~~ 


After deep Piraka of 7”, the air-was exhaled into a 
sort of spirometer in 7’. In the cases of the first two subjects 
800 cc., and in the cases of the last three subjects 700 cc., 
of this expired air at 695 mm. of barometric pressure and 
at 32° C. of temperature, were examined for COs by passing 
it through a strong solution of caustic potash. From the 
observed weight of CQO:, its volume at N. T. P. was deter- 
mined. 800 cc. and 700 cc. of the expired air were also 
reduced to N, T. P. Then the volume of the expired air and 
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the volume of CO, were compared and the percentage of 
CO: was determined. This was done twice in the case 
of each subject and ultimately the final average was worked 
out. This came to be 3:97. Detailed percentages are tabu- 


lated on the next page. 
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EXPERIMENT II 
OBJECTS OF THE EXPERIMENT — 


One of the objects of the experiment was to determine 
the percentage of CO, in the air expired during a Pranaya- 
mic round of 7” Piraka and 14” Rechaka, with no Kumbhaka 
between them. The other object was to compare this per- 
centage with other similar percentages secured with Pranaya- 
mic rounds of shorter and longer time units, with a view to 
see whether the longer time units had an advantage over 
the shorter units, so far as the elimination of CO: was 
concerned. 


PREPARATION OF THE SUBJECTS :— 


The same subjects were tried in this experiment as in 
the last, under the same metabolic conditions, 


THE APPARATUS:— 


The same apparatus was used in this experiment as in 
the last. 


THE EXPERIMENT PROPER — 


After deep Piraka of 7”, the air was cxhaled into a 
sort of spirometer in 14°. As in Experiment I, a measured 
quantity of the exhaled air was examined under observed 
conditions and the percentage in volume of CO» in it was 
determined, all the necessary corrections being applied in 
determining the volumes both of the expired air and CO:, 
The final average turned out to be 456 per cent. Detailed 
percentages are tabulated on the next but one page. 


REMARKS :— 


The time unit of the Pranayamic round was 14” in the 
last experiment. It was 21" in this, If the percentage of 
CO, in the expired air had increased in proportion of the 
length of time unit, we should have got 5-95 as the result 
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of the present experiment. But we got only 456 as the 
percentage here. Hence we find that a longer time unit 
is a decided disadvantage in Pranayama, so far as the 
elimination of COs is concerned. 
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EXPERIMENT III 
OBJECTS OF THE EXPERIMENT :— 


One of the objects of this experiment was to determine 
the percentage of Co: in the air expired during a Prana- 
yamic round of 7” Puraka, 7° Kumbaka and 14” Rechaka. 
The other object was to compare this ‘percentage with a simi- 
lar percentage secured with a Pranayamic round of the same 
time unit, but without Kumbhaka, the period of Kumbhaka be- 
ing added to Rechaka, for lengthening it, with a view to see 
whether Kumbhaka had a special value so far as the elimina- 
tion of CO» was concerned, 


PREPARATION OF THE SUBJECTS:— 


The same subjects were tried here as in the last experi- 
ment under metabolic conditions, which though not identical 
with, were tolerably similar to those of the last. 


THE APPARATUS :— 


The same apparatus was used in this experiment as in 
the last. 


THE EXPERIMENT PROPER:— 
After deep Piaraka of 7° and Kumbhaka of another 7” 


the alr was exhaled into a sort of spirometer in 14". As 
in the last two experiments a measured quantity of the 
expired air was examined for the percentage of CO.. The 
final average in volume per cent. proved to be 5-02. Detail- 
ed percentages are tabulated on the next page. 
REMARKS :— 

If we compare the time units of the Pranayamic rounds 
of this and the first exeriment, we find that in this experi- 
ment the time unit is exactly double of what it is in Experi- 
ment I. Naturally we should expect the percentage of CO: 
in the expired air to be doubled also, that is, to be 7-94 
But we find that it is 5-0? only. So this experiment alae 
proves the disadvantage of choosing a longer time unit in 
Pranayama, so far as the elimination of CO, is concerned. 
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EXPERIMENT IV 
OBJECTS OF THE EXPERIMENT :— 


One of the objects of this experiment was to determine 
the percentage of COs in the air expired during a Prana- 
yamic round of 7” Piraka and 21" Rechaka, with no Kum- 
bhaka between them. The other object was the same as the 
second object of the last experiment. 


PREPARATION OF THE SUBJECTS :— 


The same subjects were tried here as in the last experi- 
ment under the same metabolic conditions. 


THE APPARATUS = 


The same apparatus was used in this experiment as in 


the last, 


THE EXPERIMENT PROPER :~ 

This was done exactly as the last experiment, with this 
change only. Instead of 7” Kumbhaka and 14” Rechaka, the 
subjects had 21” Rechaka only, without any Kumbhaka at all. 
The final average of CO. in volume per cent. in the expired 
air, worked out at 5:2, Detailed percentages are tabulated on 
the next page. 


REMARKS :— 


A comparison between the results of this experiment and 
the last, clearly shows that Kumbhaka has no special value, 
so far as the elimination of CO: is concerned. Because we 
had the same time unit in both the experiments, but we got 
a higher percentage in Pranayama that was done without 
Kumbhaka, the difference being of ‘18. 


= 





N..#B. Anexamination of the detailed percentages of this and the 
last experiment, shows that the advantage has not uniformly been in 
favour of Pranayama without Kumbhaka. Thus the subjects A and C 
have secured an advantage with Kumbhaka, But the gain is so small, 
that the conclusion is hardly disturbed. We can still say that Kum. 
bhaka has no special value in Pranayama, so far ec the elimination of 
CO, is concerned. 
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EXPERIMENT V 
OBJECTS OF THE EXPERIMENT — 


One of the objects of this experiment was to determine 
the percentage of CO» in the air expired during a Prana- 
yamic round of 7” Puraka, 14° Kumbhaka and 14” Rechaka, 
The other object was to compare this percentage with a 
similar percentage secured with a Pranayamic round of the 
same time unit, but without Kumbhaka, the period of Kumbhaka 
being added to Rechaka for lengthening it, with a view to 
see whether Kumbhaka had a special value so far as the 
elimination of CO, was concerned. 


PREPARATION OF THE SUBJECTS :— 


The same subjects were tried here as in the last experi- 
ment, under metabolic conditions which though not identical 
with, were tolerably similar to, those of the last. 


THE APPARATUS :— 


The same apparatus was used in this experiment as in 
the last. 


THE EXPERIMENT PROPER :— 
Alter deep Puraka of 7” and Kumbhaka of 14", the air 


was exhaled into a sort of spirometer in 14". As in the last 
experiment, a measured quantity of the expired air was ex- 
amined for the percentage of CO:. The final average in 
volume per cent, proved to be 463. Detailed percentages 
are tabulated on the next but one page. 


REMARKS :— 


If we compare the time units of this and Experiment III, 
we find Pitraka and Rechaka are of the.same length in both, 
whereas Kumbhaka has been given double the time in this 
experiment. Naturally we should expect a higher percentage 
of CO, ‘in the expired air in this experiment. On _ the 
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contrary we find that the same is lower by :39. Although 
the smaller percentage may partly be due to the irregularity 
of the elimination process, one thing is clear. Kumbhaka has 
no special value in Pranayama, so far as the elimination of 
COs is concerned. 
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EXPERIMENT VI 
OBJECTS OF THE EXPERIMENT :— 


One of the objects of this experiment was to determine 
the percentage of COs in the air expired during a Pranayamic 
round of 7” Piraka and 28" Rechaka, with no Kumbhaka 
between them. The other object was the same as the second 
object of the last experiment. 


PREPARATION OF THE SUBJECTS :— 


The same subjects were tried here as in the last experi- 
ment under the same metabolic conditions. 


THE APPARATUS :— 


The same apparatus was used in this experiment as in 
the last. 


THE EXPERIMENT PROPER = 


This was done exactly as the last experiment with this 
difference, Instead of 14° Kumbhaka and 14° Rechaka, the 
subjects had 26° Rechaka only, without any Kumbhaka at all. 
The final average of CO, in volume per cent. in the expir- 
ed air, worked out at 5-3. Detailed percentages are tabulat- 
ed on the next page. 


REMARKS :— 


A comparison between the results of this experiment and 
the last, clearly confirms the conclusion arrived at in the last 
experiments, It also proves that Kumbhaka has no special 
value, so far as the elimination of COs: is concerned. Be- 
cause we had the same time unit in both the experiments, 
but we got a higher percentage in one that was done without 


Kumbhaka, the difference being of °67. 





N. B. An examination of the detailed percentages of this and the 
last experiments, shows that out of the five subjects examined only 
one— A—had an advantage in Kumbhaka. All others secured a 
higher percentage from Pranayama without Kumbhaka. 
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EXPERIMENT VII 
OBJECTS OF THE EXPERIMENT :— 


One of the objects of this experiment was to determine 
the percentage of CO» in the air expired durmg a Pranaya- 
mic round of 7” Piraka, 28” Kumbhaka and 14” Rechaka. 
The other object was to compare this percentage with a 
similar percentage secured with a Pranayamic round of the 
same time unit, but without Kumbhaka, the period of Kum- 
bhaka being added to Rechaka for lengthening it, with a 
view to see whether Kumbhaka had a special value so far as 
the elimination of CO# was concerned. 


PREPARATION OF THE: SUBJECTS :— 


The same subjects were tried here as in the last experi- 
ment, under metabolic conditions which, though not identical 
with, were tolerably similar ‘to those of the last. 


THE APPARATUS :— 


The same apparatus was used in this experiment as in 
the last. 


THE EXPERIMENT PROPER :-— 
After deep Ptraka of 7” and Kumbhaka of 28”, the air 


was exhaled into a sort of spirometer in 14". As in the last 
experiment a measured quantity of the expired air was ex- 
amined for the percentage of CO». The final average in 
volume per cent. proved to be 6°01. Detailed percentages are 
tabulated on the next but one page. 


REMARKS :— 


Comparing the percentages of this and Experiment V, 
we find that the higher percentage secured in this experiment, 
is due to the longer time devoted to Kumbhaka. But this 
gain is only apparent and not real. This will be clear when 
we compare the results of this and Experiment II, In both 
of them the time devoted to Piraka and Rechaka is the same. 
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og 
In this experiment 28” are added by way of Kumbhaka. At | 
the rate of Experiment II, we must get 10-6 as the percent 
age here. But we get only 6-02, which again proves that 
Kumbhaka has no special value in the elimination of COs. 
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EXPERIMENT VIII 
OBJECTS OF THE EXPERIMENT :— 


One of the objects of this experiment was to determine 
the percentage of CO, in the air expired during a Pranaya- 
mic round of 7” Piraka and 42° Rechaka, with no Kumbhaka 


between them. The other object was the same as the second 


object of the last experiment. 
PREPARATION OF THE SUBJECTS — 


The same subjects were tried here as in the last experi- 
ment under the same metabolic conditions. 


THE APPARATUS :— 


The same apparatus was used in this experiment as in 
the last. 


THE EXPERIMENT PROPER :— 


This was done exactly as the last experiment with this 
difference. Instead of 28° Kumbhaka and 14” Rechaka, the 


subjects had 42’ Rechaka only, without any Kumbhaka at all. 


The final average of COs in volume per cent. in the expired 
air, worked out at 5°63. Detailed percentages are tabulated 
on the next page, 


REMARKS :— 


Up to now we had found that Kumbhaka had no special 
value in the elimination of CO*. But a comparison of this 
and the last experiment shows, that a Pranayamic round with 
Kumbhaka has an advantage over one without Kumbhaka. 
We can, therefore, come to the conclusion that a Pranayamic 
round with protracted Kumbaka has some advantage over one 
without Kumbhaka, when the total time unit of the round is 
the same in both the cases. As stated in the remarks on the 
last experiment, however, a longer time unit is always a 
disadvantage so far as the elimination of COs Ig concerned, 
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THE SEMI-SCIENTIFIC SECTION 


#21. 


N. B.-— The Director of the Kaivalyadhama entreats 
every man of means to show his active 


sympathy for the As'rama. 
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DETERMINATION’ OF COs AND Os 
PART | 


SOME BROAD FACTS OF CHEMISTRY 
THREE STATES OF MATTER 


Ir we look around us we find ourselves surrounded by 
matter on all sides. This matter appears to be under three 
different states. Some of it is solid, such as stone, earth, books, 
the paper on which we write, and the pen that we use in 
writing. But the ink with which we write is not- solid, It is 
at the time of writing in a different state which we call 
liquid. Matter which is most abundantly found in a liquid state 
on the face of the earth is water, So far as things that are 
visible to us are concerned, we find them to be either solid 
or liquid. There are, however, particular things which we 
cannot see, but which surely exist. For instance the air we 
breathe. It positively exists though we are not able to see 
it with our eyes, It is neither solid nor. liqiid, but is in a 
third state called gaseous. It mainly® consists. of two gases, 
oxygen and nitrogen. As a rule matter-in a gaseous condition 
is not visible to our eye. 


Matter, no matter in what state it is, occupies space, 
such space being called its volume. Solids such as stone or a 
piece of iron, occupies space, so also do liquids such as 
water. But we find that the two differ in their behaviour, 
The stone or the piece of jron will not change its shape 
whatever the shape of the vessel in which it is held. In 
other words we can say that solids have their own shape. 
But water will occupy the whole length and breadth of the 





1 This note is intended for those general readers who are innocent of any training in 
physics and chemistry. Only a few broad facts will be stated here, with a view to enable 
these readers to follow our research work in Pranayama intelligently. Hence no re~ 
ference will be made, in this note, to the ultimate nature of matter and such other subtle 
problems of today's science. 

2 We say mainly because along with oxygen and nitregen, ordinary air contains 
aqueous vapour, carbon dioxide, argon etc. 
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vessel in which it is contained. It will not, however, 
necessarily occupy the whole height. That means that . liquids 
do occupy space, but have not got their own shape. The 
shape of the interior of the vessel is partly the shape of the 
liquid. In occupying space gaseous matter differs from liquids 
as well as from solids. A gas such as oxygen, hydrogen 
or carbon dioxide, will fully occupy the vessel in which it 
is held. Even if part of the gas is removed, the remainder 
will again occupy the whole space available in the vessel. 
It means that gases will always have the shape of the in- 
terior of the vessel. 


Volume or space occupied by a particular quantity of 
matter, whether solid, liquid or gaseous, is measured by cubic 
units, for example, cubic inches, cubic feet, cubic centimeters, 
cubic millimeters etc, 


_. We have strictly to distinguish between the shape of a 
substance and its volume. Solids such as a piece of gold, 
say one cubic inch, have got their own shape as well as 
their own volume. Liquids such as water have their volume 
but have not got their own shape. For instance one cubic 
inch of water will always have the same volume, that is, one 
cubic inch; but its shape will depend upon the vessel in which 
it is held. Gases such as oxygen or hydrogen, have neither 
their own shape nor their own volume. For example if we take 
one cubic inch of oxygen, this quantity will occupy two, three, 
four or any number of cubic inches, according to the capa- 
city of the vessel in which it is held. So we see that gases 
have no volume of their own. Nor have they got their own 
shape. For this also they depend upon the vessel they 
occupy. That is why Sir Oliver Lodge has said, ‘A solid 
has volume and shape, a liquid has volume but no shape, a 
gas has neither volume nor shape.’ . 


With all that has been said above, some of our readers 
may still doubt the possibility of imvisible gases occupying 


—— 





I Even an ordinary reader can understand that liquids ean be held in open vessels, 
but for holding gases air-tight vessels are necessary ; otherwise gases, having a tendency 
to diffuse themselves in all directions, will escape through any available opening. 
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space. For such readers we suggest the following experi- 
ments, They are extremely simple. 


Experiment | Take a bucket full of water and take an 
emply jug. The ordinary metalic jug of everyday use will do. 
Now invert this jug and try to sink it into the bucket, taking 
care to see that the whole surface of the mouth of the jug 
touches the surface of water at one and the same time. It 
will be found that the jug refuses to admit water. Why ? 
It is because the jug is full of air, although we thought it to 
be empty, and the space occupied by the air therein, is not 
available for water. 


If our readers wish to have an ocular demonstration of 
the facts noted: in this experiment, they may take a glass 
trough instead of a bucket and a glass cylinder instead of a 
metalic jug. Glass will allow our readers to see the levels 
of water both in the trough andin the cylinder. If the cylinder 
is held lightly in water, the inner and outer levels will be 
nearly the same. (Fig. XVIla). If, however, the cylinder be — 
pressed forcibly into the water in the trough, as shown in 
Fig. XVIIb, the inner level will, indeed, rise, as some water 
will be admitted into the cylinder; but it will be far below 
the outer level of water. Why? Because the air confined in 
the cylinder occupies the inner space and does not allow more 
water to come in and raise the inner level. 


This experiment not only shows that air occupies space, 
but also shows that air has no volume of its own. We find 
the same quantity of air occupies larger space or has a 
larger volume when the cylinder is held lightly; but when 
the cylinder is pressed forcibly into water, it occupies smaller 
space or has a smaller volume. What is true of air is also 
true of other gaseous substances. 


The fact that air occupies space, that is,.has volume, can 
be proved by another simple experiment. ; 


Exprerimest Il Take the same trough filled with water 
as in the first experiment and also the cylinder, For the 
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purposes of this experiment, however, the cylinder is to be 
filled brimful of water, Place your palm on the mouth of 
the cylinder so as to close it completely. Then invert the 
cylinder and with the palm fixed on the mouth, with the 
other hand sink it in the trough. When you find the mouth 
of the cylinder well under water, remove your palm and 
continue to sustain the cylinder with the other hand. 


You will find that the water in the cylinder does not 
empty itself into the trough, but stands in a column several 
inches high above the water level in the trough. Now take 
a rubber tube, say some three feet in length, and insert 
one of its ends about four inches into the cylinder. ( Vide 
Fig. XVIlla ). Then hold the other end of the tube in your 
mouth and blow through the tube slowly but with a little 
pressure. The air from your lungs will find its way into the 
cylinder and will appear to rise to the top of it in the form 
of bubbles. Now if you continue to blow, the air blown 
into the cylinder will make room for itself by displacing 
water from the cylinder. Evidently the space vacated by 
water is occupied by the air from the lungs. 


Now if the end of the rubber tube that is inserted into 
the cylinder is raised some four inches above the water 
level in the cylinder as shown in Fig. XVIIIb and the 
cylinder is allowed to sink under its own pressure, the 
confined air will escape through the rubber tube and can be 
felt at the other end. Then the space vacated by this will 
be taken up by water. Thus we see that air does occupy 
space. 


We may elucidate here another point about gaseous 
substances which may not be clear to some of our readers. 
Have gases got weight? If we try to understand some of 
the things we observed in the last experiment, we will get 
an answer to this question. 


During the last experiment it was seen that the inverted 
cylinder, though full of water, did not empty itself into the 
trough, Now the column of water standing in the cylinder 
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has surely got weight, Then why does it not press down ? 
Or is there any invisible force acting on that water which is 
counterbalancing its weight? We have to admit the existence 
of some force that counteracts the weight of the water column 
standing in the cylinder, This force is the pressure of the 
atmosphere which surrounds the earth to the height of sev- 
eral miles, It is called the atmospheric pressure and is 
calculated to be 14:59 pounds per square inch. The water 
column in the cylinder is trying to descend, but is kept back 
by this atmospheric pressure. Scientists have . found that this 
atmospheric pressure is able to support a water column 
about 33 feet in height. They have also found that _ this 
atmospheric pressure can subport a column of mercury 
760 millimeters in height. What is true of the atmosphere 
which is only a mixture of gases, is true of all gaseous sub- 
stances. Thus we see that all gases occupy space and 
have got their own weight. 


In the beginning of this note we have seen that all matter 
exists in one of the three states: solid, liquid and gaseous. But 
shall we find the same type of matter always in the same 
state ? Most certainly not. Take for instance water. We find 
that at low temperatures, it is turned into ice and becomes 
solid, whereas at high temperatures it disappears in the form 
of vapour and becomes gaseous, Thus we see that water can 
exist in all the three states: solid, liquid and gaseous. A piece 
of gold or silver under different temperatures will furnish an- 
other illustration. Ordinarily it is solid. With heat it will melt 
into a liquid and if the temperature is raised sufficiently higher, 
that liquid will be driven into a gaseous state. What is true 
of water, gold or silver, is true of all other types of matter, 


Here an untrained mind might argue as follows. We see 
a solid piece of gold being melted before our eyes. It can 
again be returned to its solid condition. That is why we 
know that the substance in both the states is one and the 
same. But when the liquid gold is turned into an _ invisible 
: gas, what is it that enables chemists to say that the resulting 
em 235 is gold and nothing else >? First of all the argument 
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may be answered as popularly, asit is advanced, It may be 
pointed out that the resulting gas can be collected and again 
turned into a solid mass of gold, without losing even the 
smallest particle of the original substance. But the real 
answer would take the following form. 


A solid piece of gold is made of extremely minute 
particles which were long supposed to be ultimate and in- 
divisible. These particles are called atoms.’ Now  scien- 
tists have found methods of examining gold even in a gase- 
ous state and they have come to the conclusion that the 
atoms of gold themselves remain unbroken in a gaseous state 
and retain all their original properties. So the atoms of gold 
remain absolutely unchanged whatever the state in which 
gold exists; and as it is these atoms of which gold is made, 
gold remains gold whether it is solid, liquid or gaseous. 


ATOMS, MOLECULES AND ELEMENTS 


In the last paragraph we have talked of the atoms of 
gold. Are there any other varieties of atoms which retain 
their original character absolutely unchanged whatever the 
state of the substance which they go to form? The chemists 
have up to now found .out 90 varieties of atoms. Whatever 
the variety, all its atoms will be absolutely alike whether 
they are to be found on the face of the earth or in the 
sun orin a star a million times more distant from us than 
the sun. Again all atoms of the same variety will have 
exactly the same weight and their attitude towards atoms of 
their own variety or other varieties will be exactly alike. 


Now when we find a substance consisting of the atoms 
of the same variety, we call it an element, Naturally there 
are as many elements" as there are varieties of atoms, 
Ordinarily different elements are in a different state. Gold, 
silver, iron etc. are in a solid state. Mercury and bromine 
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1 We now know that atoms are not the ultimate particles that go ta form 
matter, not are they indivisible. But for the purposes of this note, they can be 
looked upon as ultimate units of matter, 

2 For an exhaustive list of elements readers are referred to some text-book of 
chemistry. 
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are in a liquid state. Oxygen, hydrogen, nitrogen etc., are in 
@ gaseous state. As explained above, however, itis possible 
for these elements to change their state, without making any 
change in the original character of their respective atoms. 


We have seen that there are ninety varieties of atoms 
giving us ninety different elements. But have all these 
atoms of different varieties got the same weight or are the 
atoms of a particular variety heavier than those of some 
other variety? Although all the atoms of the same variety 
have got the same weight, atoms of different varieties have 
got different weights. Naturally some atoms are heavier 


‘than others. Scientists have found that the atoms of uranium 


are the heaviest and the atoms of hydrogen are the lightest, 
Hydrogen being the lightest of all elements, its atomic 
weight has been taken as a standard’ and the atomic weights 
of other elements are estimated in terms of this unit. Thus 
the atomic weight of hydrogen is taken as one; and as an 
atom of oxygen is sixteen times heavier than an atom of hy- 
drogen, the atomic weight of oxygen is put down as sixteen. 
So when we say that the atomic weight of-mercury is 209, 
it only means that an atom of mercury is 200 times heavier 
than an atom of hydrogen. We need not add that an atom 
of mercury will retain this weight in relation to the hydrogen 
atom whatever the state in which the two elements are found. . 


The atoms of an element have the greatest freedom to 
move when that element is in a gaseous state, It is desirable 
to know, therefore, whether these atoms move all alone or 
whether they prefer to be associated with others, when they 
enjoy the greatest freedom. In this connection chemists have 
found that there are some elements such as mercury and 
zinc which give the greatest liberty to their atoms and 
allow them to move about in single blessedness.. But in the 
case of many elements the atoms have to find one com- 
panion. For instance the atoms of oxygen have to move about 
in pairs, This companionship of atoms is not, however, limited 


—— ee 
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1 This was originally the case. But now scientists take the atomic weight of 
oxygen as the standard and evaluate other atomic weights accordingly « 
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to two members only. Atoms of phosphorus always form 
fours, whereas every atom of sulphur will require at least 
five more companions. Thus we see that most of the 
elements when in a free state do not exist in the form of 
single atoms, but they exist in the form of groups of atoms 
of different numerical strength. As these groups form little 
masses of those elements, chemists call them molecules. They 
will say that oxygen has two atoms to the molecule, phos- 
phorus has four atoms to the molecule, and so on. What we 
have particularly to note here is this. Whatever the number of 
atoms that go to form a molecule of an element, all those 
atoms will be exactly similar. 


COMPOUNDS AND MIXTURES 


Here we might ask ourselves the following question. Can 
atoms form association with their own kind to build up mole- 
cules, or are they free to associate with atoms of a different 
kind also? The answer to this question is in the affirmative. 
Although every kind of atom is not free to associate itself 
with every other kind of atom to form a molecule, different 
kinds of atoms do associate themselves with other kinds of atoms 
to build up molecules.. For instance two atoms of hydrogen 
will associate themselves with one atom of oxygen and build 
up a molecule of three atoms. Similarly one atom of sodium 
will associate itself with one atom of chlorine to form a 
molecule of two atoms. In the same way it is possible to 
build molecules with atoms of three, four, five or even six 
kinds of atoms, the total number of atoms in the molecule 
being as big as 2,876 and the molecule being 8,334 times 
heavier than the molecule of hydrogen. 


We must, however, learn to distinguish between molecules 
that are formed of atoms exactly similar to one another and 
molecules that are formed of ‘atoms that are not of the same 
kind. Molecules of the first type constitute elements, whereas 
molecules of the second type constitute compounds.. Thus every 
molecule of phosphorus will consist of four atoms. that are 
exactly similar and will go to form the element called phos- 
phorus. But a molecule formed of two atoms of hydrogen 
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and one atom of oxygen, which are’ not of the same kind, will 
give us the compound called water, Similarly one atom .of car- 
bon and two atoms of oxygen will combine into a molecule 
which will give us the compound carbonic acid gas. So when- 
ever there is a substance the molecules of which consist of 
atoms of the same kind, it is called an element. And when- 
ever there is a substance the molecules of which consist of 
atoms of different kinds, it is called a compound. 


Again every molecule of the compound called water will 
ever consist of the three atoms, two of hydrogen and one of 
oxygen, so long as water remains water, whether it is in a 
solid, liquid or a gaseous state. The moment, however, these 
molecules are broken up, water will disappear, giving rise to 
two types of molecules which will be entirely different from 
the molecules of water. Some of these new molecules will 
be of the element hydrogen, consisting of two exactly  simi- 
lar atoms; whereas others will be of the element oxygen, 
again, consisting of two exactly similar atoms, though dissimilar 
from the atoms of hydrogen. Thus we see that when a com. 
pound is formed, all its molecules are of an entirely differ- 
ent character from the molecules of the different original 
elements that combine to form that compound. 


Now suppose that the two gases oxygen and hydrogen 
obtained by breaking up the molecules of a drop of water, 
are held in a closed vessel. Immediately the molecules 
of the two gases will intermingle. What shall we call this 
quantity of intermingling molecules}? Shall we call it a com- 
pound or shall we give it a different name? Chemists do 
not call it a compound, because no new molecules are form- 
ed therein, differing from the molecules of the original gases. 
The name they give to such a quantity is mixture. Accord- 
ing to this nomenclature, the air we breathe is a mixture. 
It mainly consists of two gases, oxygen and nitrogen, The 
molecules of these two gases do intermingle to form the air, 
but they never change their original characteristics. So when 
two or more elements come together to form a_ substance 
giving rise to a new type of molecules, that substance is 


¥, M. 18 131. 


YOGA=MIMANSA . [ VOL. IV 


called a compound, But when two or more elements come 
together to form a substance while their respective molecules 
retain their original characteristics, that substance is called 
a mixture. It is possible for mixtures to be made not only 
of elements ‘but of compounds, provided the compounds do 
not give rise to a new compound. 


SYMBOLIC REPRESENTATION IN CHEMISTRY 


Chemists have gota very short and sweet way of express- 
ing elements, compounds and their molecules, not omitting 
to mention the number of atoms that go to form these 
molecules. The method they follow may be described as a 
symbolic representation in chemistry. They start by choosing 
a symbol for every element, Generally: these symbols are 
only the first letters of the names of those elements, Thus 
instead of using the word hydrogen they will simply say H; 
instead of oxygen, O; instead of nitrogen, N, and so on. But 
at times there are more elements than one that have got the 
same initial letter. When this is the case one of these ele- 
ments is represented by the initial letter and the remaining 
are represented by adding to the initial one more letter from 
the name of the element concerned. For instance carbon, 
calcium and chlorine, all begin with C. So carbon is repre- 
sented by C, calcium by Ca and chlorine by Cl, all initial 
letters being written capital, At times, however, the symbols 
are not taken from the current names of the elements, but 
from their Latin names. Thus the symbol of copper is Cu, 
being taken from its Latin name cuprum, of iron it is Fe from 
ferrum and of gold it is Au from aurum. 


Next we want to see how chemists express an element- 
ary or a compound molecule and the number of atoms that 
the molecule contains. For expressing an elementary molecule, 
chemists write down the symbol of the element followed 
by the number of the atoms of which the molecule is made. 
Thus when they want to say one molecule of oxygen, they 
will simply say O», meaning thereby that every molecule of 
oxygen is made up of two atoms. If a molecule of phosphorus 
is to be expressed, they will say P:, showing that four atoms of 
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phosphorus make up its molecule. If, however, a molecule is 
formed of one atom only as in the case of mercury or sodium, 
no number will be mentioned after the symbol of the element, 
the number one being left understood? Thus one molecule 
of mercury is written as Hg, and not Hgi, and of sodium as 
Na, and not Nai, For expressing the number of molecules, 
they will prefix the necessary figure to the symbol of the 
molecule. For instance if chemists want to say six mole- 
cules of oxygen, they will write 60:.-So0 we see that the 
figure prefixed to the symbol of an element indicates the 
number of molecules, whereas the figure affixed to: the symbol 
expresses the number of atoms contained in each molecule. 


Compound molecules are expressed by chemists just as 
they express elementary molecules. Our readers know that 
‘water is a compound formed from two atoms of hydrogen 
eombined with one atom of oxygen. So chemists’ symbol of 
water is H:O. Again as common salt is a compound of one 
atom of sodium and one atom of chlorine, it is written as 
NaCl. It is possible for a compound to contain three or more 
elements. Even then the same method of expression is followed. 
Thus sulphuric acid is H»sSQ. which means that every molecule 
of this acid is formed by a combination of two atoms of 
hydrogen, one atom of sulphur and four atoms of oxygen. 


Our readers may note here that every element and 
every compound in the world is made up of infinite mole- 
cules that are exactly similar in nature. Thus hydrogen is 
made up of countless molecules but they are all alike. 
Similarly water or sulphuric acid is made up of an_ infinite 
number of respective molecules which are exactly similar in 
nature, This being the case, the symbol which expresses a 
molecule also appropriately expresses the element or com- 
pound to which the molecule belongs, Thus H:O is water, 
NaCl is common salt, and so on. 


CHEMICAL REACTIONS AND EQUATIONS 


When two or more substances combine so as to change 
themselves into one or more substances of an entirely differ- 
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ent molecular constitution, the action which takes place is 
called a chemical change, These changes are termed chemical 
reactions, and are expressed by what dre called chemical equa- 
tions. The substances as they are originally taken are symboli- 
cally expressed on the left side of the equation and the new 
substances as they are produced by the chemical reaction are 
similarly expressed on the right. Thus we may have the 


following equation. 
Zn + H,50, = ZnSO, + H, 


What the equation means is this. If we put together 
one molecule of zinc (Zn) anda molecule of sulphuric acid 
(H2S5Q0+), a chemical reaction will take place: and the chemical 
reaction will yield from these molecules, one molecule of zinc 
sulphate (ZnSO+), and will liberate one molecule of hydrogen 
(Hs). Thus a chemical equation shows the quality of the sub- 
stances which chemically react and also the quality of the 
substances that are produced as a result of the chemical 
reaction. We know what substances we have put together 
and also what substances we could get from them. 


Now let us also see whether we lose anything in such 
a business or we recover everything that we put in. For 
this examination we must see that we could recover all the 
atoms that we put in, So let us count the atoms on both 
the sides of the equation. On the left hand side we have 
one atom of zinc, two of hydrogen, one of sulphur and four 
of oxygen, altogether eight in number. On _ the right hand 
side we have one atom of zinc, one of sulphur, four of oxygen 
and two of hydrogen, again altogether eight, So we see that 
we get back all the atoms that we put in. Further it will be 
clear that we get back not only the total number of atoms, 
but every atom of every element. Thus on both the sides, 
there is only one atom of zinc and only one of. sulphur, So 
also on both the sides, there are two atoms of hydrogen 
and four of oxygen. The only difference that we see be- 
tween the two sides is a difference in the grouping of these 
atoms and this leads to a difference in the quality of the 
four substances. Thus it is clear that a chemical equation is 
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a very short and sweet way of expressing the quality of the 
substances: that ‘chemically react and also the quality of the 
substances that are produced as a result of this reaction. 
Such an equation also shows the exact number of molecules 
and atoms on both the sides. 


_ Does a chemical equation say anything as to the guan- 
tity of the substances taking part in a chemical reaction ? 
On further study of these equations, we shall find that they 
are useful in telling us also the quantities of the substances 
concerned. 


Let us recall a few facts that we have learnt in some 
of the foregoing paragraphs. We have already seen that 
atoms and molecules have weights and that these weights 
have been determined in terms of a unit offered by the 
hydrogen atom, This determination of weights of individual 
atoms and molecules, should enable us to know the quantities 
of the substances taking part in a chemical equation, Let us 
return to the equation that we have already studied. 


Zn + H.S0, = /nSO, + Hy 


We know the atomic weights of all the substances’ that are 
used here and we can at once write down the equation with 
the atomic ,weights written below each of the substances,” 


Zn + H:5O, = #7nS0,. + He 
65 +2+ 32+ 64 = 65 + 32+ 64+2 
163 = 163 


What does it mean? It means as follows: If we put 
together zinc weighing 65 times as much as one atom of 
hydrogen and sulphuric acid, weighing 98 times as much as 





— 


1 The atomic weight of zine is 65 and of sulphur 32. 


2 When the weight of an clementary molecule is to be determined, we have 
simply to multiply the atomic weight of the element by the ‘number of atoms 
which go to form the molecule. Thus molecular weight of oxygen would be 16% 2, 
where 16 is the atomic weight and 2 is the number of atoms forming an oxygen 
molecule. When we wish to find the weight of a compound molecule, we have to 
add the weights of the different atoms of which it is formed. Thus the weight of 
H,SO, is 2(for He )+32( for S) + 64 (for Oy of 16 * 4) = 98. | 
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the same unit, we can produce zinc sulphate weighing as 
much as 16] times that unit and liberate hydrogen weighing 
twice the same unit. That is to say, we have put in 65 
units of zinc and 98 units of sulphuric acid and produced 
161 units of zinc sulphate and two units of hydrogen, our 
unit all the while being the weight of an atom of hydrogen. 


Here our readers may very pertinently ask us to state the : 


weight of a hydrogen atom in terms of weights that are 
generally known to us such as ratis, grains, grammes, 
ounces etc. We must admit that the question is very valuable 
and yet we must say that the question need not detain us 
here. We can put the equation to a practical use, if we 
simply know that we can substitute any unit we like for 
the unit referred to up to now. So instead of taking the 
weight of a hydrogen atom as our unit, we can take grains 
as our unit and yet the equation must hold good, if only 
our units are all weighing units. The reason is obvious. 
All the figures that we have written below the substances 
as showing their atomic weights, in the equation under dis- 
cussion, are merely multiples of a particular unit and their 
mutual relations will stand so long as one and the same 
unit underlies the whole calculation. Whether that unit is 
a grain, a gramme or the weight of an atom of hydrogen 
is immaterial. So let us have the grain as our unit and let 
us see what the equation means, when we use this new 
unit of weight. Now the equation tells us that if we put to- 
gether 65 grains of zinc and 98 grains of sulphuric acid, 
we shall get 16] grains of zinc sulphate and two grains of 
hydrogen. Thus it is clear that a chemical equation can 
express not only the qualities of the substances concerned, 
but also their respective quantities, 


We shall take two more examples to make the subject 
clearer still, 


Our readers must be familiar with the substance called 
red oxide of mercury ( fige Sanskrita ). Chemically it is a 
compound of mercury’ and oxygen. When it is heated it is 


Ss ee 


| The symbol for mercury is Hg. Atomic weight 200, _ 
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decomposed into the two elements which combine to form it. 
This chemical change can be expressed in the form of an 
equation, 


2HgO = 2He + O, 


_ Expressed in terms of weights the equation would read as: 
2 (200 + 16) red oxide of mercury = 2% 200 of mercury + 16% 2 of oxygen, 
that is, 

432 units red oxide of mercury = 400 unit of mercury + 32 units of oxygen, 


which means that we can get 400 grains of mercury and 
32 grains of oxygen, if we heat 432 grains of red oxide of 
mercury. 


Another example may be furnished by the action of hy- 
drochloric acid upon chalk.! We can express the same by 
the following equation, 


CaCO, + ZHCL = CaCl, + H,O + CO, 


100 units of calcium carbonate + 73 units of hydrochloric acid = 111 units 
of calcium chloride + 18 units of water + 44 units of carbon dioxide. 


Again if we take the gramme as our unit, we can say 
that 100 grammes of calcium carbonate when subjected to 
the action of 73 grammes of hydrochloric acid, will yield 
111 grammes of calcium chloride, 18 grammes of water and 
44 crammes of carbonic acid gas. 


Before we close the topic of chemical equations, we wish 
to refer to one point which would be suggested by a study 
of the equations just discussed and which would be useful to 
us in understanding the principal question before us, namely, 
the estimation of Os and COz. In all the three equations we 
see that a particular gas is found to be fixed in one of the 
substances represented on the left hand side of the equation. 
Thus in the first equation hydrogen is found fixed in sul- 
phuric acid; in the second, oxygen is found fixed in red 











—- 








1 Chemically chalk is calcium carbonate of CaCO,. The symbol of calcium is 
Ca and its atomic weight 40. Chlorine in hydrochloric acid. has for its symbol Cl 
with atomic weight 33°, 
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oxide of mercury; and in the third, carbon dioxide is found 
fixed in calcium carbonate. Again we learn that these fixed 
gases can be set free by means of a chemical reaction. Thus 
we could get free hydrogen in the first equation, free oxygen 
in the second and free carbonic acid gas in the third, 


Again if we study the right hand sides of these equations, 
we find that the exact quantities of these free gases have 
been mentioned. Thus we have referred to two grains of hy- 
drogen, 32 grains of oxygen and 44 grammes of carbon 
dioxide, Here the question arises, and that is the principal 
question before us, as to how scientists determine the exact 
quantities of these gases. Having studied thus far some of 
the broad facts of elementary chemistry, our readers are now 
in a position to understand the methods which scientists 
follow in this connection. In the second part of this note, 
we shall try to describe these methods briefly with special 
reference to O2 and COs, 


PART II 


VOLUMETRIC AND GRAVIMETRIC ESTIMATION OF 
co, AND OO, 


Scientists have developed two methods of determining the 
exact quantities of gases. One is called the volumetric method 
and the other is called the gravimetric method.’ We shall first 
study the volumetric method. 


THE VOLUMETRIC METHOD 


According to this method the quantity of a gas is deter- 
mined by measuring its volume. Thus if the quantity of 
COs in the expired air is to be determined, its volume is 
measured and thus the quantity of that gas is estimated. 
Now this would sound quite strange to our readers, because 





oe 





I We uze both the methods in our everyday life, For instance when we es- 
timate the quantify of a stock of milk we use the volumetric method and when we 
determine the quantity of a stock of butter, we use the gravimetric method. 
The means we employ are rough whereas scientists’ means are accurate, 
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they have been told that gas has no volume of its own, 
but it assumes the volume of the vessel in which it is 
contained. Thus a particular quantity of gas, say of CO:, 
can be made to have 2? c.c, as its volume or 4 cc. or even 
‘5 cc. How is then the volume of a gas going to help us in 
determining its quantity ? The question raised by our readers 
is perfectly right; and yet we shall find that the quantity 
of a gas can be determined by measuring its volume, 
We shall now proceed to see how this becomes possible. 


Let us take an elastic rubber bag. A football bladder 
will do. Let us fill it very moderately with air by means 
of an air pump, and close its mouth air-tight. Ordinary air 
is only a mixture of gases and what we shall find true of 
air, will hold good in the case of any other gaseous substance. 
We find that the bladder is a little bit inflated with the par- 
ticular quantity of air that it holds. Let us now place the 
bladder horizontalty on a table and let us press it down 
with our palm. Wee find that the air confined in the bladder 
is putting forth counter pressure. Now let us fold half the 
bladder at one end in such a way that the folded part will 
be empty and the whole quantity of air will be held in the 
remaining half. Let us again press the inflated part of the 
bladder with our palm. What do we feel > We find that 
the counter pressure offered by the confined air has consider- 
ably increased. If we roll up the bladder still further, the 
confined air will offer a still higher counter pressure. Now 
throughout these o erations the quantity of air in the bladder 
has remained the same. The volume of it, however, has be- 
come smaller and smaller as the bladder continued to be 
folded. And we lave found that the smaller the volume the 
air assumed, the greater was the counter pressure offered by it. 
Now this counter pressure is merely the pressure at which 
the air inside the bladder stands. So we come to the conclu- 
sion that the pressure of a quantity of gas is increased, if 
its volume is reduced.' Now scientists have found that this 


1. The other factor which influences the volume of a gas is temperature, 
We ahall refer to this presently. Till then we are taking it for granted that 
there is no change in temperature, but it is constant. 
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variation in pressure of a gas is exactly in the inverse 
proportion of its volume. Thus if the volume is doubled the 
pressure will become half; and if the volume is made four- 
fold, the pressure will be reduced to its quarter. From this it is 
clear that a particular quantity of gas will always have the 
same volume if the pressure is maintained uniform. We have 
already said that all gases as well as their mixtures, behave 
in the same way so far as the relation between their volume 
and pressure is concerned. Thus COs, O: or H, all will have 
the same volume for the same quantity, if they are at the 
same pressure. Now if we reverse this position, we can say 
that two gases, if they are at the same pressure and have the 
same volume, must be equal in quantity. 


We may note here that everything on this earth is 
under the atmospheric pressure which is equal to 760 milli- 
meters Hg. This atmospheric pressure is looked upon as -the 
standard pressure. Now suppose that a particular quantity 
of COs under this pressure has a volume of 4 cc, and a 
particular quantity of O; under that very pressure has a 
volume of 16 cc, we can at once come to the conclusion 
that the quantity of O» is four times that of CO, Our readers 
may note here that the quantity of O» which measures 16 cc. 
wil] measure only 5 cc. if the pressure is doubled, that is, is 
made equal to 1,520 mm. Hg. 


Thus far we have studied the relation existing between 
the pressure of a gas and its volume. Now we have to take 
into consideration another factor which influences the volume 
of a gaseous substance. This facter is temperature.’ 





See 





1 The instrument which measures temperature is called the thermometer. 
. There ave different scales of thermometers, but we shall say something here only 
about two scales. One of these is the faArenhetdt scale and the other the ceuti- 
grad¢, The former is very much in the popular use in England and the latter 
is universally used in scientific circles. According to fahrenheit scale water 
boils at 212° (212 degrees each of which has an equal value ), and according 
to the centigénde seale it boila at 100° (100 degrees each of which also has an 
equal valuc). Descending along the scales, we find the freezing point of water to 
be at 329 F. and 09°C, Thus we see that the range of temperature between the 
boiling point of water and its freezing point is divided inta 100 parts accordng 
to the centigrade scale and into 180 parts according to fahrenheit scale, each 
part in boththe scales being called a degree which is symbolically indicated by @ 
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Heat expands and cold contracts is a scientific proposi- 
tion applicable to all substances whether they are solid, liquid 
or gaseous, The degree of expansion in the’ case of solids 
and liquids is not the same. Different solids and different 
liquids will have each its own degree of expansion. Gases 
stand on a different footing in this connection, All gases will 
expand uniformly for the same degree of heat. Thus if we 
have 273 c.c. of COs, Os or air, or any other gaseous sub- 
stance at 0° C., and if we raise this temperature by I° C., that 
is, if we raise it to [° C., the volume of each gas will have 
increased by | c.c., that means, each gas will measure 274 co! 
If we raise it by 2° C., each gas will measure 275 cc. 
and so on. If we, however, lower the temperature by I|° C., 
the volume of each gas will shrink by | cc. Thus at -1°C., 
the quantity of gas taken above will measure 272 cc, and 


at -2° CC, 271 cc. only, 


If we were to deduce a general proposition from the 
statements made in the last paragraph, we can say that the 
volume of a gas at 0° C. increases or decreases according 
as its temperature rises above or falls below that level, the 
variation being | in 273 units for every degree of heat of 
the centigrade scale. Here it is clear that in our calcula- 
tions of expansion or shrinkage of the volume of a_ gaseous 
substance, we have to start with 0° C. Hence this temperature 
is looked upon as the standard temperature. At this stand- 
ard temperature a particular quantity of any gas will have 
the same volume,? and this volume will uniformly vary ac- 
cording to temperatures higher or lower. 


on 








Continued— | 

placed on the top of the number. It must be noted here that hundred degrees 
of centigrade are equal lo hundred and eighty degrees of fahrenheit. Therefore 
1° of centigrade is equal to 1°8° of fahrenheit. With the help of this proportion 
it is possible to convert the degrees of fahrenheit into the degrees of centigrade 
and vice versa, Thus 10° C. is equal to ( 32 +18=) 500 F. and 300 C, is equal to 
860 F. Temperatures below the freezing point of water are read as minus on the 
C. scale. Fahrenheit records 32% according to its own scale below the freezing 
point as plus, lower temperatures being recorded as muaus. The clinical thermo- 
meters used by doctors are according to the F. scale. 


1 How this volume is measured will be scen later on. 


2 Pressure being constant. 
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Up to now in our discussion on the volume of a gas 
we referred to pressure and temperature separately. When 
we considered the effects of pressure on the volume, we 
neglected the temperature of the gas; and when we took in- 
to consideration the temperature, we neglected the pressure 
of the gas. Now pressure can be neglected, if it is constant 
and the volume is changing according to temperature alone. 
For instance suppose that we have a quantity of gas 40 c.c. 
in volume, at a pressure of 760 mm, Hg, and at a tempera- 
ture of 30°C, Further suppose that the pressure does not 
change, but the temperature changes from 30° to 40°C, Under 
these circumstances it is clear that the change in the volume 
will be due only to temperature and not to pressure which 
does not change, but remains constant- Hence in calculating 
the change in volume of a gas under such circumstances, tem- 
perature alone is to be taken into account and pressure can 
be neglected. Again temperature can be neglected if it is 
constant and the volume is changing according to pressure 
alone. It is possible, however, that both pressure and tem- 
perature may change and conjointly influence the volume of 
a gas. But even under these circumstances, we can work out 
the volume by calculating the influence of temperature and 
the influence of pressure separately. Let us take a concrete 
example. Suppose we have 626 cc. of COs at 40°C. and at 
a pressure equal to 380 mm. Hg. and we want to find the 
volume of this gas at the standard pressure and standard tem- 
perature. First we start with the consideration of the influ- 
ence of pressure. The gas is at a pressure of 380 mm. Hg. 
This is only half of 760 mm, Hg. It means that the gas is 
at half the atmospheric pressure. Hence the present volume 
is double of what it would have been at the atmospheric pres- 
sure. So in order to find its volume at the standard pres- 
sure, we have to divide the present volume by 2. “2 ae. 
=313 cc. So we find that the present quantity of COs, 
would have a volume of 313 cc, at the standard pressure. 
Up tonow temperature has not been taken into account. It 
has been allowed to be constant. Now let us take that into 
consideration. It is 40° C. The standard temperature is 0° C. 
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So we have to reduce the volume 313 cc. at 40°C. to what 
it would be at 0° C. By simple algebraic calculation’ we 
find it to be 273 cc. What all this means is this. A quan- 
tity of COs which at 40° C. and at a pressure equal to half 
the atmosphere, has a volume .of 626 c.c., will have a volume 
of 273 cc. at the standard pressure and standard tempera- 
ture. In this way all gases can be reduced to the standard 
pressure and temperature. And as everyone of them obeys 
the same rules of expansion under different pressures and 
at different temperatures, when they are reduced to the same 
standard of pressure and temperature, they become compar- 
able in volume. A gas when reduced to the standard tem- 
perature and pressure is said to be at normal temperature 
and pressure or at N. T. P. 


As the same quantity of any gas whatsoever, at N. T. P. 
will always have the same volume, the same volume of aay 
gas at N. T. P., will indicate the same quantity. Ii the 
volume is doubled at N. T. P., the quantity must be 
doubled. If the volume at N. T. P. is halved, the quantity 
must also be halved. Thus we find that the volume of any 
gas at N. T. P. increases or decreases according as its quantity 
increases or decreases. Hence the volume of a gas at N. 
T. P. is a measure of its quantity. Thus if we have 100 cc. 


of COs at N. T. P. and 200 cc. of Os at N. T. P., we 


1 We have seen above that for every degree of variation above or below 
zero degree of temperature according to the centigrade scale ‘the volume of gas 
varies by one in 273 parts, pressure being constant. If we take V to be the 
volume of gas at zero degree centigrade for every degree of variation in tem- 





perature it will vary by ai. Now in the case of the present example, the gas 

stands at 40°C. and we have to find its volume at 09°C. Now we have suppos- 
oii Vv 

ed V to be its volumeat 00 C. Evidently at 40° C, its volume will be V + 40 x OYE ® 


Now as we know its volume at 409 C. to be 313 cc. we can calculate the 
value of V which will give the volume of the gas at 09 C. 


., 409 
We have V + TES = 313 ac. 
“, 273 Vi+ 40V = 273 x 213 c. c. 
313 V = 273 * 313 4c. 
4, y = 273 «cc. 


that means the present gas will have a volume of 273 c.c, at 0° C, 
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can conclude that the quantity of Os is double the quantity 
of COs, In this way by measuring the volume of a gas we 
can measure its quantity, the method being called the volumetric 


eslimation ot gas. _ 


We shall now give a brief account of the practical way 
in which the percentages of COs and O: in the expired air 
are sestimated according to the volumetric method. 


The apparatus which plays the most important part in 
the volumetric estimation of gases is called the gas burette. 
In Fig. XIX, B illustrates such a burette. It consists of a 
stlass tube graduated to 100 ec. in + cc. and is set on a wooden 
foot- If mecessary both the ends of the burette are provided 
with taps for conveniently establishing or cutting off its connec- 
tion with the outside. The burette shown in the present illus- 
tration is fitted with the upper tap only. There is another 
glass tube called either the pressure tubs or the levelling tube. 
L represents this levelling tube in Fig. XIX. This is also set 
on a wooden foct. The lower ends of both these tubes are 
connected with each other by means of two pieces of a 
rubber tube which are in their turn joined in the middle by 
a short length of a glass tube as shown in the illustration. 


At the time of the experiment, the tap of the burette is 
opened and the two tubes are filled with water and _ their 
levels adjusted as illustrated in Fig X]X. The burette and 
the rubber tube are completely filled with water. The level- 
ling tube is filled with water up to the dotted line, Our 
readers must have seen that the level of water in B and 
£ must be the same, because both of them are exposed to 
the same atmospheric pressure, the upper ends of both 
being open, 


The stock of the expired air which is to be examined 
for finding out percentages of CO: and Os, is generally held 
in a rubber bag or some other convenient vessel. That source 
is now connected with the upper end of the burette. The 
levelling tube is lowered, so that the water level in it rises 
in relation to itself, but sinks in relation to the burette. The 
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result is that the water level in the burette also sinks and 
the place of this water is taken by the air from the rubber 
bag. Only as much air is admitted into the burette as would 
keep the water level-exactly at 0 cc. when the tap of the 
burette is turned off. (Vide Fig. XX ). 


Our readers will see that the quantity of the expired air 
that we admitted into the burette now measures 100 cc, 
that is, has a volume of 100 cc. We cannot, however, under- 
stand the real value of this volume, unless we know the pres- 
sure and temperature at which the expired air in the burette 
stands, Because this very quantity of the expired air may 
measure more than [00 c.c. or even less than 100 cc. ac- 
cording as its pressure or temperature will vary. Let us, 
therefore, try to note its present pressure and temperature - 
and also try to see what volume this quantity cf air will 


have at N. T.P. 


Let us first know the pressure. The water in L is under 
the atmospheric pressure. The level of this water and the 
level of water in B is the same. Hence we conclude that 
water in B is also under the same pressure as water in L, 
Now let us understand exactly the pressure that is exerted 
on the water in L, 


We have already secn that the 'water in L is under the 
atmospheric pressure. In order, however, to know the exact 
value of this pressure, we have to take into account one point 
which we have not taken notice of up to now. The atmos- 
pheric pressure changes according to the altitude of a place 
and the weather conditions. 760 mm. of mercury is the value 
of the atmospheric pressure at the sea-level and under particu- | 
lar weather conditions only. As we rise higher this value of 
the atmospheric pressure will fall... Again at a given altitude 
fair weather will have a value different from a cloudy atmos- 
phere. The instrument which records the exact pressure in 


————————— ee 


1 Because the column of air that stands above the higher place is shorter 
than the column of air standing above the sea-level. Henee its weight will be 
smaller, so also its pressure. 
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terms of mercury for all these conditions is called the barometer.’ 
Now suppose that the barometer indicates only 605 mm. as 
the atmospheric pressure at the time of our measuring the 
volume of the expired air in the burrette. We, then, conclude 
that the water in L is under pressure equal to 605 mm, Hg. . 
and as the water in B is also under an equa! pressure, the 
water in B is also under pressure equal to 605 mm. Hg. 


Can we say that this pressure, 605 mm. Hg., exerted on 
the water in B is all due to the pressure of the expired 
air confined in the burette? We would have been justified 
in saying so, had there been nothing elsé present in the 
burette except the confined air. But scientists have found that 
aqueous vapour is invariably present in gases when they 
are confined over water in a burette. Our air is confined 
over water. Hence vapour must be present in the air that 
is held in the burette. Now this aqueous vapour exerts its 
own pressure along with the air. Hence the pressure exerted 
on the water in B is due not only to the air but also to the 
vapour present. : 


So if we want to know the pressure of the expired air 
alone, we have to deduct the vapour pressure from the total 
pressure exerted on the water in 8. We know the total pres- 
sure on the water in B to be 605 mm. Hg, or equal to the 
barometric pressure. So if we can determine the vapour pres- 
sure, and deduct it from the barometric pressure, .we can at 
once know the correct air pressure. 


In order to determine the vapour pressure, we have to 
know the temperature: of the air we are examining, because 
this pressure varies as temperature. Let us suppose our air 
to be at 32°C. Now ready-made tables are available that 
record the vapour pressure at different temperatures in terms 
of mercury. From these tables we can find that the vapour 
pressure at 32° C, is 35 mm. Hg. 


1 We have already noted in the first part of this note that the atmospheric 
pressure is equal to 760 millimeters of mercury. These millimeters are indicated on 
the barometer. 

2 How to determine this temperature will be seen presently. 
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Deducting this vapour pressure of 35 mm. Hg. from the 
barometric pressure of 605 mm. Hg,, we get 570 mm, Hg. as the 
pressure that is exerted by the expired air alone on the 
water in B. That is to say the real pressure of the air 
under examination is 570 mm. Hg. and not 605 mm, Hg. 
Pressure thus corrected is said to be corrected for vapour. 
The correction may be called vapour correction. 


Thus we find that the quantity of air admitted into the 
burette measures 100 cc, at 570 mm. Hg. and at 32° C. Now 
if we want to find the volume of this quantity at N. T. P. 
we have to further correct this volume of 100 c.c. to both pres- 
sure and temperature. We have already applied the vapour 
correction. We also know how to correct a volume for 
Pressure and reduce it to the normal pressure of :60 mm. Hg. 
The present volume is 100 cc. at 570 mm. Hg. Therefore 
the volume at 760 mm. Hg. would be 75 cc. 


Again the temperature of the volume of the expired air 
that we have confined over water in the burette has to be 
taken into account. This is determined by finding the tem- 
perature of water in the levelling tube by means of a ther- 
mometer. Now suppose this temperature to be 32° C. We 
at once see that the volume of the expired air we are ex- 
amining has again to be corrected to temperature before we 
can know its volume at N. T. P. This correction too we 
know how to do. Calculating accordingly we get 67-1 c.c. to 
be the volume of our sample at N. T. P. 100 cc. is its 
volume at the barometric pressure of 605 mm. Hg. and at 
32° C. of temperature, 


Having corrected' the volume to N. T. P., we now 
proceed to examine what percentage of it is made of COs. 
For this purpose a pipeffe is necessary. Fig. XXI illustrates 
what is called a simple absorption pipette. It consists of a glass 
tube with convenient bents and two bulbs blown in it at suit- 
able places. It is mounted on a wooden stand. This pipette 


1 These corrections need not be worked out. Only the barometric pressure 
and temperature may be noted down in order to understand the exact value of 
100 cc. of the expired air taken up for the examination. 
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is filled with a strong solution of caustic potash as shown in 
Fig. XXI. Both the ends X and Yare open. The tube ending 


in X has a very fine bore. 


Now the end X is connected with the burette by means 
of a capillary tube as shown in Fig, XXII. Then the tap of 
the burette is opened and the levelling tube is raised, till 
at last the water level in the burette reaches the graduation 
(00 cc. While the levelling tube is being raised, the burette 
begins to be filled with water and the air from it is driven 
into the pipette. By the time the water level reaches the 
graduation 100 c.c. the whole volume of the confined air is 
driven into the pipette. When this is done the tap of the 
burette is closed. The air pushed into the pipette partly fills 
the bulb &: displacing a quantity of the potash solution which 
finds its way into the bulb &:. 


Now the strong potash solution comes in direct contact 
with COs of the expired air. It also comes in contact with 
the mitrogen and oxygen of the air, but for these two gases 
it has no affinity. Hence they are left out, whereas CO: is 
absorbed and becomes fixed. With a view to promote this 
absorption the pipette is gently shaken in its own place. In 
about five minutes carbon dioxide becomes fully absorbed, 
Hence after five minutes the shaking business is stopped. 


Then the tap of the burette is opened and the levelling 
‘tube is lowered. The water level in the burette begins to sink 
and draws into the burette air from 6: of the pipette. The 
water level in the burette is allowed to sink till the potash 
solution reaches the end X of the pipette, because then we 
can be sure that the whole quantity of air is returned to 
the burette and none is left in the pipette, Water levels 
both in the burette and the levelling tube are allowed to 
settle themselves till they are brought in the same line. For 
comparing the water levels, the two tubes may be brought 
together as shown in Fig, XXV. 


It will be seen that the water level in the burette is 
not now at the graduation 0 cc, but is slightly above it. 


148 


r\ 


Fig. XXI & Fig. XXII 





The Simple Absorption Pipette in Working, 


* 


No. 2 j DETERMINATION OF COg AND Oa 


Why? Because the quantity of COs which was absorbed by. 


the potash solution is absent and hence the volume of the air 
has become reduced by that much quantity, If the water 
level stands at 5 ce. we can come to the conclusion that 
» ac. of COz were present in [00 c.c. of air and that they 
were absorbed by the potash solution, 


This result, however, is not looked upon as final. The 
air is again driven into the pipette and the whole experi- 
ment repeated. It is possible that some CO: may have 
been left unabsorbed in the first experiment. If the second 
experiment gives the same result as the first, the result of 
the first experiment is confirmed. But if the second experi- 
ment shows a larger quantity of CO: absorbed, say 5-2 cc, 
then the experiment has to be repeated till the results of 
the last two experiments are the same. In our experiment 


let us say that the first result is confirmed by the second 


and that only 5 cc. of COs were present in 100 c.c. of the 
exhaled air. 


The result arrived at in the last paragraph would be 
correct, if at the time of reading off the volume for CQs:, 
the atmospheric pressure and temperature have remained 
the same as those when we measured the volume of the 
air taken up for examination to be 100 cc. If the atmos- 
pheric pressure or temperature has changed, the value of 
5 cc. of COs under the changed circumstances will have 
to be determined. Our original atmospheric pressure was 
605 mm. Hg. and temperature 32° C. Suppose now that the 
atmospheric pressure has bécome 6095 and the temperature 
34° C. Then volume of CO: which measured 5 cc. at this 
pressure and temperature will have to be corrected’ before 
it can be compared with the volume of the original 
stock of air. Now the original stock measured 100 cc. at 
605 mm. Hg. of atmospheric pressure and at 32° C, of 
temperature or it measured 67-1 at N. T. P. So the present 
volume of COs, namely 5 cc,, will have to be corrected 


a a Tet ae 





1 In the improved apparatus used for gas eatiomtion, arrangements are made 
for ‘automatic corrections to pressure and temperature. 
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either to the pressure 605 at 32°C. or to N. T. P. Let us 
correct it to N. T. P. We get 42 as the volume. Now 
this is to be compared with 67:1 cc. which is the volume 
of the original stock of air at N. T- P. Then we get 
62 as the percentage of CO: present in the sample of the 
expired air. This percentage is by volume. 


It is needless to point out that we would have got this 
very percentage, if we had corrected the volume of CO: to 
605 mm, Hg. at 32° C, Because then, the corrected volume 
of COs would have been compared with 100 c.c. and not 
with 67-1 c.c. 


Again if at the time of reading off the volume for COs, 
the barometric pressure and temperature would have been 
the same as at the time of determining the volume of the 
air taken for examination, no correction would have been 
necessary for the volume of COs, for finding its percentage 
in the a air. For both the volumes, being at the 
same pressure and temperature, would have been compar- 
able. Then the percentage by volume would have been 5. 


It must have been clear to our readers that every time 
we wish to compare the volumes of gases, we have to 
reduce them to the same pressure and temperature, because 
the same volume at. different pressures or temperatures will 
show different quantities. 


Having determined by the volumetric method the per- 
centage of CO» we now proceed to ascertain the percen- 
tage of Ox. The same type of experiment is to be repeated. 
The stock of air left with us after the elimination of COs: is 
held in the burette. By adjustments of the levelling tube this 
stock is to be driven into the pipette and after shaking it 
for absorption, the remaining air is to be returned to the 
burette and its volume to be read off as previously. It wil] 
be found to be much smaller than the stock left after the 
absorption of CO:z. Let us suppose the volume left to be 
60 cc. It means that we have lost 20 cc. of air because 
of the absorption of CO: and O:. Suppose now that in the 
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last experiment we lost 5 per cent. by way of COs Then 
it is clear that we lost 15 cc. of Os in this experiment. 
Let us again suppose that at the time of taking the reading 
of the present experiment, the atmospheric pressure and tem- 
perature have remained the same as previously. Then the 
conclusion would be that we had 15 per cent. by volume of O2 
in the expired air. Of course we must repeat this Os experi- 
ment and check the results obtained as in the case of COs. 


Again if there are any changes of pressure or tempera- 
ture the results must be corrected as shown in the COs ex- 
periment, and then the percentage determined. 


Our readers must note that in conducting this experiment 
with Os, we have to use a different type of pipette and 
also a different kind of absorbent. The strong solution of 
caustic potash that we used in the case of CQ:, has no 
affinity for O» and did not absorb it when we conducted 
the first experiment. So we must change this absorbent and 
substitute one that will absorb O2 only, and leave out nitro- 
gen, Such an absorbent is the potassium pyrogallate solution. 
Now in the use of this solution there is one difficulty. The 
ordinary air contains a lot of oxygen or Os and vas soon 
as this solution comes in contact with the air it begins to 
absorb Ov. The capacity of this potassium pyrogallate solu- 
tion for the absorption of QO: is, however, limited. So it is 
just possible for the quantity of the absorbent, we may take 
for an experiment, to have reached the limit of its absorbing 
capacity very soon, and thus become useless, In order to 
avoid this difficulty, scientists use what they call the doubdle 
absorption pipette under such circumstances. Such a pipette is 
shown in Fig. XXIII. It has four bulbs instead of two, 41 is 
filled with potassium pyrogallate solution, b: is empty, bs is 
filled with water and b: is empty. The stock of water in bs 
cuts off the connection of the solution with the outer air through 
the end Y. The end X is kept closed except when the pipette 
is connected with the burette. Fig. A XIV illustrates the position 
of the liquids, when the stock of air from the burette is driven 
into the pipette. 
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A change in the pipette and the absorbent is the only 
change required to be done in conducting experiments on COs: 
and O: for determining their volumes in a given quantity of air. 


The air returned to the burette after the absorption of O:, 
consists mainly’ of nitrogen. If we suppose that the atmos- 
pheric pressure and temperature have remained constant 
through out our experimentation, we can conclude that the 
100 cc. of expired air that we examined, contained 5 cc. of 
COs, 15 cc. of Os and 80 cc. of N. To put it in the form 
of percentage we might say that the expired air tested, con- 
tained 5 per cent. of COs, 15 percent. of O» and 80 per cent. 
of N, these percentages being according to the volume. 


Our readers will remember that the whole stock of the 
expired air was held in a rubber bag. We took out only 
100 ec. from it and examined the percentage of CO: and Os 
that it contained. If the volume of the whole stock is measur- 
ed’ and this percentage applied, we can know the total volume 
of CO: and Q: contained in one expiration. Thus if the total 
volume of expiration is 800 c.c. which is possible if the ex- 
piration is a little deeper than the normal, the total volumes 
of CO: and O: would be 40 ec, and 120 ce. respectively. 


Now just as we examined the expired air volumetrically 
for COs and O:, we can examine the air we inspire and 
compare the volumes of CO: and QO: present in both the 
types of air. We can then at once see how much QO: has 
been absorbed into our system and COs eliminated from it in 


a single breath. 


In the volumetric experimental work that we shall pub- 
lish in the next issue, we have determined the percentage of 
CO: eliminated and Os absorbed in the different types of 
Pranayama, because when the percentage is determined it is 
applicable to all volumes. Thus if the total volume of the ex- 
pired air is 500 c.c, and the percentage in it of COs is 5, 


—Se 





I We aay mainly because expired air is ‘likely to contain some organic matter, 
This is neglected in our present calculations, 

2 The instruments generally used to measure the volume of expired air are 
called spirometers, 
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- The Gas Burette and Levelling Tube 
Brought Together for Comparison of 
Water-Levels. 
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we can conclude that the total volume of CO: eliminated is 
25 cc. But if the expired air is 800 cc. the total volume of 
CO: would be 40 cc. Thus we see that once the percent- 
age is fixed, we can examine different volumes with its help. 
Again for comparison percentages afford ready-made figures. 


Up to now we have measured gases according to their 
volumes, and we have found that all gases will have the same 
volume under the same pressure and temperature conditions. 
Thus at N. T. P. or under any other condition, equal quantities 
of CO:, QO» or N, or any other gas, will have the same volume. 
But our readers may ask us whether the same volume of 
different gases at the same pressure and temperature will 
have the same weight. We have been told in the first part 
of this note that different gases have got different weights. 


Thus oxygen is heavier than hydrogen and so on. Does it 


mean that | cc. of oxygen at N. T. P. is heavier than | c.c. 
of hydrogen at N. T. P.? Yes, it does, because the num- 
ber of molecules contained in | cc. of any gas is the same, 
provided the gases are at the same pressure and temperature 
and the molecules of oxygen are heavier than the molecules 
of hydrogen, Thus we see that although all gases will have 
the same volume at the same pressure and temperature, the 
same volume of different gases will have different weights. 


Scientists have prepared tables in which are given the 
respective weights of [| cc. at N, T. P. of different gases. 
Thus | cc, at N. T. P. of O: weighs 1-43 milligrammes ; of CO:, 
1-97 milligrammes; of N, 1-23 milligrammes and so on. 


We have already studied methods by which we can find 
the volume at N.T. P. of a particular quantity of a given gas- 
Thus we found in the first experiment that the quantity of CO: 
measured 5 c.c. at 32°C, of temperature and 605 mm, Hg. of 
atmospheric pressure, From this measure we could at once 
calculate that its volume at N. T- P. would be 42 cc. Now 
from the tables we find that I cc. of COz at N. T. P. weighs 
1:97 milligrammes. Hence we can see that 5 c.c, of CO: at 
605 mm. Hg. of atmospheric pressure and at 32°C. temperature 
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weigh 8-3 milligrammes. Similarly we can find the weights of 
other gases and find out the proportion of these gases by weight. 
Generally in the discussions on the proportion of different 
gases in the inspired and expired air, percentages are mention- 
ed in volumes and not in weights. In our tables giving the 
results of our experiments, we have followed the general prac- 
tice and given percentages in volumes, 


THE GRAVIMETRIC METHOD 


In the last few paragraphs we have found that the weight 
of a given quantity of a gas can be found, by first determin- 
ing the volume of that quantity at N. T. P. and ‘then by 
calculating the weight from the ready-made tables, There is, 
however, a direct method by which the weight of a quantity of 
gas can be determined. This is called the gravimetric method. 
Let us see how we can determine the weight of CO» in a 
given quantity of the expired air, according to the gravimetric 
method. The chemical fact that COQ: is absorbed by a solution 
of caustic potash, as we saw in our study of the volumetric 
method, is taken advantage of by scientists in the gravimetric 
method also. The stock of expired air containing the quantity 
of COQ» which is to be weighed, is passed through a strong 
solution of caustic potash. Now while the air is passing 
through this solution, caustic potash combines with COs and 
allows the remaining constituents to pass over. The absorbed 
CO: which thus becomes fixed naturally adds to the weight 
of the potash solution. This solution is weighed before and 
after absorption and the difference is noted down. This dif- 
ference denotes the weight of CO: contained in the quantity 
of air passed through the potash solution. 


. In the volumetric determination of COs, we used pipettes 
for the purpose of absorption. These pipettes are too heavy 
and clumsy to be weighed in the sensitive balance’ which is 
necessary for detecting small differences in weight. Hence in 


| The balance of average sensitiveness used in ordinary laboratories for 
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gravimetric work, is able to weigh one-tenth part of a milligra _ that is, i 
‘ zg Pp gramme, that is 10,000 


of a gramme. 
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the gravimetric method light bulbs of glass called the potash 
bulbs are used to hold the caustic potash solution, In Fig- XXVI 
and XXVII, C and B illustrate these bulbs. To one end of 
these bulbs are fitted small tubes filled with calcium chloride. 
During the experiment the bubbles of air pass from one bulb 
to another. This air is likely to carry moisture with it and 
thus reduce the weight of the solution in one bulb and increase 
the weight of it in the other. Calcium chloride tubes fitted to 
the end of each bulb hold up this moisture. So when the 
potash solution is weighed originally and after absorption, it 
is weighed with the bulb in which it is held along with the cal. 
cium chloride tube attached to it. 


Just as it is desirable that the moisture from one bulb is 
not transferred to another, so it is necessary that the moisture, 
if any, from the expired air is removed before this air comes 
in contact with potash solution. Otherwise that moisture will in- 
crease the weight of the solution and spoil the calculation of 
CO:. Hence the stock of air is first passed through sulphuric 
acid which is held in a tower. In Fig. XXVI, A represents such 
a tower. The apparatus is arranged as shown in Fig XAVI. 
The tower of sulphuric acid is connected with the potash bulb 
B by means of a rubber tube, this bulb B being connected 
with the bulb C in its turn in a similar fashion, The current 
of the expired air passes through A, Band C. In order to 
complete the apparatus, however, it is necessary to connect the 
bulb C with one more tube D which is filled with both soda 
lime and calcium chloride. We know that the ordinary alr 
contains moisture and also a quantity of CO:, although very 
small. It is desirable to see that the moisture and COs of 
the ordinary air do not affect the bulb C. The tube D 
serves this purpose. Soda lime arrests the traces of CO» and 
calcium chloride absorbs moisture. 


It has already been stated that the stock of expired air 
which is to be examined for determining the quantity of COs is 


held ina vessel. This vessel is now connected with A. It i8 
then pressed so that the expired air passes through 4, B, C 
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and D and escapes from the free end of D. Or an aspirator’ is 
used at the free end of D which sucks up the stock of the 
expired air. When a measured quantity of the expired air 
is aspirated, the vessel that held the expired air is disconnected, 
Our readers will see, however, that although the necessary mea- 
sure of the expired air has been removed from the vessel, the 
whole of that measure has not passed through the potash solu- 
tion, A small quantity must have been left in the tower A, 
which must contain some COs. In order, therefore, to get this 
CO: absorbed into the solution, some quantity of ordinary air 
is sucked up. But here one difficulty arises. The very small 
amount of CO: contained in the ordinary air may get mixed 
up with the COs of the expired air which we are experiment- 
ing upon. So with a view to elimimate this CO:, a tube similar 
to D filled with soda lime is attached also to this end before 
the ordinary air is aspirated. ( Vide Fig. XAVII) This cur- 
rent of ordinary air in passing through A sweeps off the little 


CO: from A into the bulbs. 


As stated above, the bulbs B and C are weighed after 
absorption. They were already weighed before absorption 
The difference between these two types of weights is noted 
down to show the weight of CO:., 


We have used two potash bulbs instead of one. The 
bulb C is only a guard bulb. Its purpose is to show wheth- 
er the bulb B has fully absorbed the whole quantity of 
COs or some of it has been allowed to escape. This can 
be known by comparing the weights of C taken before and 
after absorption. If there is no difference in the weights of C; 
it means it has received no COs, the whole of it being absorb- 
ed in B. But if the bulb C shows an increase we cannot be 
sure that COs has not escaped from both the bulbs. In such 
a case it is necessary to repeat the experiment with three 
bulbs instead of two and make sure that the last bulb shows 
no increase, assuring us that the whole quantity of COs is 





| dspirator is an apparatus: which, because of the negative pressure created 
in it, sucks up gaseous matter from vessele that may be connected with it. 
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absorbed in the remaining bulbs, Then the total increase in 
the weights of all the bulbs indicates the weight of COs, 


When the weight of a particular quantity of COs is deter- 
mined gravimetrically, we can know the volume of the same at 
N. T. P. by using the tables to which we have already re- 
ferred. Suppose the weight of a quantity of CO» is found to 
be 80 milligrammes. Then we can find its volume at N. T. P. 
to be 40-5 cc. Now if the expired air containing this quantity 
of COs measures 664 cc, at N. T. P., we can know the per- 
centage of COs in it to be 6-09. 


In the experimental work that we have published in the 
present issue, the percentages of CO: are given in volume, al- 
though the quantities of CO: were determined gravimetrically. 
This has been done with a view to enable our readers to com- 
pare these percentages with those that will be published in the 
subsequent issues both for COs and Os and that have been 
determined by the volumetric method directly. 


We have not discussed here the gravimetric determination 
of Os, because we do not intend publishing any experiments of 
this nature in the immediate future. 
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N. B.—JInstruction in Yogic: culture higher as well as lower 


will be given gratis at the As'rama to everyone that earnestly seeks it. 
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The Director of the Kaivalyadhima is ever willing to help those who are 
in earnest about their spiritual advancement, as he confidently 


feels that this help will in a way help his cause. 
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KAPALABHATI 
THE NAME:— 


The word Kapalabhati is a compound consisting of 
two members: Kapala and Bhati. In Sanskrita Kapala 
means the skull, and Bhati is derived from a Sanskrita 
root meaning to shine. Hence Kapalabhati means an 
exercise that makes the skull shining. Kapalabhati is 
one of the six cleansing processes, known in Hatha Yoga 
as Shat Kriyas,’ and is intended to clear the nasal 
passages contained in the skull, along with the remaining 
parts of the respiratory system. As the exercise neces- 
sarily cleanses a part’ of the skull, the name Kapalabhati 
is appropriately given to it. 


In Yoga S’astra’ three different varieties of Kapala- 
bhati have been mentioned. All these varieties are 
characterized in common by their capacity to cleanse 
the nasal passages contained in the skull. Here, how- 
ever, we are going to notice the most popular variety 
of the lot, As will be seen from its technique, this 
variety is a type of breathing’ exercise. 





| The following verse from Hatho-Pradipika enumerates the six cleansing pro- 

cesses: aifaaiarerar Ataene® arfeek var | 

PITS TE RA gaa | A. P. TL 22. | 
Out of these six, @#fF ( Vol. Il, pp. 170-177); afte (Vol. 1. pp. 101-104), and ae 
( Vol. I, pp. 25-26) have already been treated in this journal, 

2 We are studying the physiology of Kapilabhiti in our laboratory. The re- 
search work is yet far too incomplete to enable us to make a definite statement, 
But the little work that has already been done in this connection, has led us to 
think that the exercise is capable of cleansing not only the respiratory system but 
also the different parts of human anatomy connected with the skull, We have 
also reasons to believe that Kapalabhati is capable of cleansing even the capillaries 
of the remotest parts of the human body. 

3 Vide Gheranda-Sambhita, 1 55, 

4 The other two varicties are performed with the help of water and consti- 
tute what we may call the Yogic nasal douches. We shall make a passing reference 
to their technique in the next issue, In this connection it is to be noted that the 
technique of the variety discussed in the present article as described here is dif- 
ferent from the technique as it is given by the author of Gheranda-Sam hitd, In 
writing this article, we have followed the author of Hatha-Pradipiks. 
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THE TECHNIQUE :— 


Although Kapalabhati is not’ a Pranayama in the 
strictly technical sense of the word, it is surely a 
breathing exercise and as such all that is said about 
the place, the seat, the time etc. in our article on Pra- 
nayama in the last volume’ applies as much to this ex- 
ercise as to Pranayama proper. So the student should 
select his place, arrange his seat and fix his time ac- 
cording to the general instructions given in that article. 
The next question to be considered is about the posture 
appropriate to this exercise. A student of physical cul- 
ture can assume any sitting posture that is convenient 
to him, We do not think that Kapalabhati can be 
advantageously practised in standing. As will be seen 
later on, this breathing exercise requires a very free 
movement of the abdominal muscles. Now the front 
abdominal muscles are not fully relaxed while one is 
standing, and as such cannot be freely manipulated, 
But while one is sitting these abdominal muscles can 
undergo complete relaxation and their movement can 
be thoroughly controlled in this position. Hence even a 
physical culturist will do well to practise Kapalabhati 
in a sitting posture. 


The question of a spiritual culturist stands on a 
different footing. He is very strongly recommended the 
Lotus Pose* (gaa) for the practice of Kapalabhati. 
The reason is this: Kapalabhati to be of any spiritual 
advantage, has to be practised vigorously and across a 
good length of time. A vigorous practice of Kapala- 
bhati, even for a few minutes, makes almost every 





1 Readers wishing to practise Kapalabhiti sicording to the technique given 
here, are earnestly requested to study carefully our * Note on Respiration" given in 
the third volume. This will enable them not only to grasp intelligently the dif- 
ferent points of the present technique, but will help them to eliminate all possible 
errors from their practice of the é¢xerciea, 

2 We will discuss this point later on in this very article. 

3 Pp. 271-274, 

4 For the technique of this pose see Y.M., Vol. II, pp. 227-228, 
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tissue in the human body vibrate. These vibrations be- 
come more and more violent if the exercise is pushed 
further with the original vigour, till at last it becomes 
very difficult to control the pose that one may have 
assumed. Now out of the meditative’ poses that we 
have recommended to students of spiritual culture, Pad- 
masana is the only sitting pose that can keep the limbs 
of the student in their proper place under such circum. 
stances, The principal question is of the lower extrem- 
ities. The foot-lock which forms part of the Padma- 
sana technique is so arranged that no amount of vio- 
lence done to the legs can unlock it. In other medi- 
tative poses, the legs are loose, and the violent jerks 
which the body begins to receive through vigorous 
Kapalabhati, soon throw them out of order. As it is 
essential that the pose once assumed is maintained intact 
throughout the exercise, Padmasana is the only medita- 
tive pose available for the practice of Kapalabhati. 


This traditional and rational teaching of Kapalabhati 
being practised in Padmasana only, is supported by the 
author of Hatha-Pradipika. We must admit that Svatma- 
rama Suri does not say in so many words that Padma- 
sana is obligatory for the practice of Kapalabhati ; but 
we can know what he means from what he says in con- 
nection with Bhastrika. Whereas in the case of other 
Kumbhakas, Svatmarama does not mention any parti- 
cular pose, in his technique of the Bhastrika Kumbhaka 
he makes a special mention of Padmasana*,. This means 
that according to him the Bhastrika Kumbhaka must be 
practised in the Lotus Pose’ Now the exercise of 


see A 





1 Siddha, Svastika and Sama are the other meditative poses recommended to a 
student of spiritual culture. For the physiology of these meditative poses read our 
article on the subject in Vol. UI, pp. 245-2590. 

2° His description of the technique of Bhastriki opens as follows : 
ary qaret azI .. H.P. I 59% [ Having satisfactorily taken the Lotus Pose... ] 


3 This very conclusion has been drawn by Svitmirima’s commentator Brahmi- 


nanda. The latter, says—agigaeet THETEAaaeraraaa Tatetae | [ The author 
describes the Lotus Pose before giving the technique of the Bhastra (the same as 
Bhastrika ) Kumbhaka, because that pose is obligatory for that type of Kumbhaka. ] 
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‘Kapalabhati is so akin to Bhastrika, that we can safely 
say that Bhastrika' is equal to Kapalabhati plus a 
Kumbhaka of the Ujjayt type. That being the case we 
can logically conclude that the Asana which is obliga- 


tory for Bhastrika is also obligatory for Kapalabhati.’ 


It is to be remembered in this connection that the 
Lotus Pose to be assumed for Kapalabhati mainly con- 
sists of the foot-lock.2 The position of the hands may, 
as usual, be either on the knees forming Jn’ana-Mudra,* or 
they may be arranged’ in front of the abdomen as requir- 
ed in Padmasana. Regarding the two Bandhas, namely, 
Jalandhara and Mola,* which ordinarily form part of 
Padmasana, the following instructions may be attended to. 


In breathing exercises Jalandhara-Bandha has to be 
practised during the period of Kumbhaka,” Kapalabhati is 


1 Our eeateds will better dndarstend this statement when they will have 
read our article which discusses the technique of Bhastriki in the next issue. 

2 For the guidance of the practical students of Yoga we may mention here 
that even for spiritual purposes Kaptlabhiti may be practised in some other medi- 
tative pose, provided it is not done so vigorously nor for so long a time aa to induce 
violent jerks. There are many people who find it very difficult, if not altogether 
impossible, to have the foot-lock folded. These need not forego the practice of 
Kapilabhiti simply because they cannot carry out this part of its techniqe. They 
may assume any comfortable sitting posture for this exercise. 

3 What we say will be clear when we read SvStmirdma's description of Pad- 
misana when it istaken for Bhastrik®?, Heyjtalks there of the foot-lock and nothing else, 

sareat dearey gy Teas FH | 

Tea wae. ere rae fe ane tl H. P. I a8. 
{The Lotus Pose is secured when the feet with their clean soles upturned are arrang- 
ed on the thigha.,.. ] 

4 Vide Y. M., Vol. IT], pp. 272-273. 

5 Vide Y, M., Vol. I], p. 226. 

6 Vide Y. M., Vol. NM, p. 225. 

7? There is only one exception to this general rule. That exception is to be 
found in the technique of the Mirchht Kumbhaka (Kumbhaka for rendering the 
mind passive), This Kumbhiki (feminine of Kumbhaka ), requires the expulsion 
of breath to be done with a Chin-Lock, 

Ch, qenra meat ver aréat at: | 
tadgodaretd WH. P.M 68, 
[In the Kumbhika called Mirchhan® (the same as;Murchha ), one should expire 
slowly while the Chin-Lock is very firmly secured after the completion of 
inspiration,,..-] 
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indeed a breathing exercise: but consisting as it does of; 
incessant respiration exclusively, it does not include Kum: 
bhaka. Hence the practice of Jalandhara is not needed 
in the Lotus Pose when it is taken for Kapalabhati. 


The other, namely, Mila-Bandha is to be treated 
in a different way. Students of Yoga peculiarly suscep- 
tible to the vibrations set up by Kapalabhati, involun- 
tarily form this Bandha, as the vibrations become more 
and more violent, The whole pelvic region is automati- 
cally contracted resulting in the vigorous contraction of 
the anal sphincters, Hence it is desirable that in the 
initial stage of the practice, the intentional formation of 
Miuala-Bandha is avoided. If it is found that the Kapala- 
bhati vibrations do not automatically secure this Bandha, 
even when a Yogic student is well established in this 
exercise, Miula-Bandha may be voluntarily introduced 
in the technique of this Kriya. 


What has been said about the erect spine in the 
case of Ujjayi equally applies to Kapalabhati. 


Having dealt with the Asana necessary for Kapala- 
bhati, we now proceed to discuss the technique of the 
exercise proper. 


Broadly speaking Kapalabhati is a breathing exer- 
cise of the abdominal' or diaphragmatic type in which 
sudden expulsions of breath follow one another in quick 
succession and which is characterized by the absence of 
any pause in the movement of breath so long as the 
exercise continues. So this exercise consists of Rechaka 
and Piraka only, Kumbhaka being done away with en- 
tirely. Again between Rechaka and Puraka, Rechaka is 
the principal part of the practice, Puraka, being only 
supplementary. In the case of Kapalabhati there is one 
more feature which deserves to be borne in mind. In 
other breathing exercises in Yoga, one Puraka, one 





1 For information on this point read our ‘Note on Respiration *, Wol. III, p, 239, 
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Kumbhaka and one Rechaka complete one round. But 
in Kapalabhati one round consists of as many expulsions 
of breath as one likes or is capable of performing. 
Thus one may have several hundred expulsions in a 
single round of Kapalabhati. 


Let us now come to details and let us start with 
Rechaka which constitutes the main feature of the exer- 


cise. 


RECHAKA :— 


As in Ujjayi so in any other breathing exercise, 
whether Eastern or Western, Rechaka and Puraka are 
invariably advised to be very deep. In fact Rechaka is 
expected to be so complete that no additional cc. of air 
could be further extracted from the lungs. So also Puraka 
is expected to be so complete that no additional c.c. of 
air could be further introduced into the lungs. Kapala- 
bhati, however, stands on a different level. It is the 
only' exercise which does not require very deep expira- 
tion or very deep inspiration. Then what is the volume 
of air that is to be expelled from the lungs in an ex- 
piratory attempt in Kapalabhati? In every Rechaka in 
Kapalabhati only as much air is to be exhaled as can 
be driven out of the lungs by a sudden and vigorous in- 
ward stroke of the front abdominal muscles. Naturally 
this amount of air will be different for different indivi- 
duals. We have conducted experiments in our laboratory 
to measure these amounts for different subjects and also 
to compare these with the respective amounts of their 
normally exhaled air. On the strength of this evidence® 
we can say that in Kapalabhati the exhalation should 
be a little deeper than in ordinary breathing. For ex- 
ample, if the volume of the normally expired air in the 


1 Also that part of Bhastrikt which rar to Kapdlabhati. It is to be 
noted, however, that Bhastriki as a Kumbhaka does require deepest possible Re- 


chaka and Poraka, 
2 We hope to publish this evidence on some future occasion. 
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case of an individual, is 480 c.c., he is expected to exhale 
about 600 c.c. in an expulsion in Kapalabhati+ 


The essence of Rechaka, however, does not con- 
sist in regulating the volume of the expired air, but it 
lies in a definite arrangement of the different anato- 
mical parts especially those that are directly involved 
in breathing. It has already been stated above that 
Kapalabhati is an exercise in abdominal breathing, 
Hence in this exercise exhalation is effected more by 
the movements of the front abdominal muscles and the 
diaphragm than by the movements of muscles acting on 
and between the ribs. In fact the muscles that act on 
and between the ribs are kept contracted as long as a 
Particular round of Kapalabhati lasts, whatever the 
number of expulsions that go to form that round, In 
other types of breathing exercises in Yoga, these wmius- 
cles remain contracted only in Puraka and Kumbhaka, 
As soon as Rechaka begins they are relaxed, the rela. 
xation being complete when Rechaka is the deepest. 
But in Kapalabhati, owing to its peculiar character, the 
muscles acting on and between the ribs, once contracted, 
remain in the same condition, keeping the ribs raised 
even during expulsions of breath, The only muscles 
that freely move throughout the exercise, undergoing 
alternate contraction and relaxation, are the diaphragm 
and the front abdominal muscles. This should not be 
interpreted to mean, that the ribs do not sink at all 
during exhalation in Kapalabhati. As a matter of fact 
it is impossible to exhale without a little lowering of 
the ribs. But the falling of the ribs is so little in a 
well conducted exercise of Kapalabhati that it is almost 
negligible. This can be verified by the external appear- 
ance of the thorax. It neither rises nor falls appreciably 


a a 


1 We know that these mathematical values of the expired air are of little 
help to a practical student of Yoga, In everyday practice the following rule of 
thumb will be sufficient. Let the abdominal stroke be complete and let the breath 
flaw out easily, When this is done the volume of the expired air will take care 
of itself. 
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throughout a Yound of Kapalabhati. [For the position of 
the thorax and the abdomen compare Figs. XXIV and 
AAVIII ]- 


The exercise of Kapalabhati, as stated above, is a 
play .of the ‘abdominal muscles and the diaphragm, 
These must be thoroughly supple and capable of under- 
going sudden and vigorous contractions. In the Rechaka 
of Kapalabhati, the front abdominal muscles are suddenly 
and vigorously contracted giving an inward push to the 
abdominal viscera which in their turn move upward 
pushing up the relaxing diaphragm that recedes into the 
thorax iexpelling a volume of air from the lungs. As the 
retracting lungs are not allowed to contract the thorax, 
expiration in Kapalabhati is not as deep as in Ujjayi. 
The speed with which the diaphragm and the abdominal 
muscles can be manipulated will depend upon one’s 
practice. It is not desirable, however, to develop speed 
at the cost of thoroughness, 


Up to now we have discussed the work to be 
done with the abdomen and the thorax in Kapalabhati. 
We now proceed to see how the respiratory passage 
outside the thorax is to be worked. 


In Ujjayi we are required to close the glottis 
partially. In the present exercise this is to be avoided. 
The reason is clear, The volume of air exhaled in a 
single Rechaka of Kapalabhati is so suddenly expelled, 
that a partially closed glottis would afford serious ob- 
struction to the passage of the air and would render 
the expiration incomplete. There is one tradition,' how- 
ever, which would wish very slight narrowing of the 
glottis even in Kapalabhati. But the extent to which 
this is to be done is so small that the expelled air is 
not likely to be held back to any appreciable extent. 





1 This is the tradition followed by the author of Hatha-Pradipika, 


168 


Fig. XXVIII 





Abdomen and Thorax at the End of Piraka in Kapdlabhati, 
(Side View ) 





Abdomen and Thorax at the End of Rechaka in Kapalabhiiti. 


(Side View ) 
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When the expelled air is allowed to escape freely 
through the glottis, it has a smooth though rapid passage 
to the end of the nostrils. If permitted to do their 
work automatically, the nostrils will open out voluntari- 
ly to facilitate the flow of the expired air. So the stu- 
dent of Yoga should not try to manage either his nos- 
trils or his facial muscles at this stage. .Very often 
people are in the habit of having all sorts of ugly 
contortions of their face when they are practising Kapala- 
bhati. This is far from being desirable. The air should 
be permitted to have a very smooth escape which it 
would surely have if allowed to go its own way. 


It is to be remembered, however, that the rapid 
expulsion of a volume of air will surely cause some 
friction at the lower end of the nostrils. But this does 
not matter. As our readers know this part of the inter- 
nal nose is covered with thick skin and any friction 
there is not likely to lead to any untoward results. 
What is to be. cautiously avoided is the friction of the 
air with any of the delicate parts of the mucous mem- 
brane that lines the interior of the nasal passages, 


PURAKA — 


In order to get a clear grasp of the process of 
Puraka in Kapalabhati, it is desirable for our readers 
to refresh their memory regarding a few facts about 
normal respiration. Normally the process of inhalation 
ig active whereas the process of exhalation is passive. 
In normal inspiration the thorax is to be opened out 
for increasing its internal capacity, so that its lowered 
internal pressure might draw in air from outside, Thus 
the muscles that act on and between the ribs, so also 
the diaphragm, are put into action and contracted, rais- 
ing the former and lowering the latter. But normal ex- 

_ piration is only a passive process. The muscles refer- 
red to just now are relaxed, Consequently the ribs sink 
down of themselves and the diaphragm is drawn up by 
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the retracting lungs that voluntarily shrink owing to their 
elastic recoil. It is only on the side of the anterior ab- 
dominal muscles that things are a little different. These 
muscles are active in normal expiration and passive in 
normal inspiration, because during expiration they contract 
and during inspiration they stand relaxed. Thus their 
role in respiration is just the opposite of the one played 
by the thoracic muscles. 


Now let us return to the process of Pitraka in 
Kapalabhati, 


As noted above the exercise of Kapalabhati is a 
play of the abdominal muscles. The muscles of the tho- 
rax are kept contracted throughout the exercise whether 
it is inhalation that is being practised or exhalation. 
The thoracic muscles are relaxed only when the exercise 
is over. It is only the front abdominal muscles that 
keep on moving to and fro, according as they are con- 
tracted for exhalation or relaxed for inhalation. We 
shall presently consider the case of the diaphragm. 


Thus: Kapalabhati being markedly an exercise in 
abdominal breathing, one has to pay attention only to his 
abdominal muscles; At the end of Rechaka these muscles 
stand contracted. So in Piraka one has simply to 
withdraw his control of these muscles and they will re- 
lax of themselves. Relaxation of muscles is a passive 
act. So when the abdominal muscles are let go at the 
end of Rechaka, they will voluntarily relax. 


Up to now we have left out of consideration one 
important muscle, the diaphragm. Up to a_ particular 
extent the manipulation of this muscle is entirely under 
the control of our will, But this muscle does not re- 
quire the exercise of our will for its ordinary move- 
ments, just as the other respiratory muscles go on doing 
their ordinary work, without any attention on our part. 
While we are deeply absorbed in some work, these 
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respiratory muscles are functioning even without enter- 
ing into our consciousness, 


Now at the end of Rechaka the diaphragm stands 
relaxed, but ready for another contraction, The stimulus 
from the inspiratory centre brings about this contrac- 
tion and the descent of the diaphragm is allowed by 
the relaxing abdominal muscles. The lowering of the 
diaphragm increases the vertical diameter of the thorax, 
the internal pulmonary capacity is increased, and the 
internal pressure being lowered, the external air moves 
in, till the air expelled in Rechaka is replaced, raising 

the intra-pulmonic pressure to one atmosphere. 


Thus it will be clear that in Piraka no wilful con- 
traction of muscles is necessary. One has simply to 
relax his abdominal muscles and Piraka is performed. 
That is why we have said that Puraka in Kapalabhati 
is a Passive act. 


There is a sharp contrast between the Rechaka 
process and the Piuraka process in Kapalabhati, The 
former is sudden and vigorous, the latter smooth and 
quiet, In fact Piraka in Kapalabhati is there only to 
provide air for the next expulsion which alone forms 
the real part of the exercise. 


The volume of air inhaled in a single Piraka 
must be for all practical purposes equal to the volume 
of air exhaled in the previous expulsion. The student of 
Kapalabhati has, however, to remember that the time 
taken for one Puraka is not the same as the time 
taken for one Rechaka. If we suppose that one Rechaka 
and one Puraka taken together require half a second, 
it may be roughly stated, that Rechaka would occupy 
only one-fourth of this total time, Piraka occupying the 
remaining three-fourths. In Putraka the whole respiratory 
passage is kept fully open, there being no narrowing of 
it either at the glottis or any other part. Hence air 
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glides smoothly into the lungs, we might say almost’ 
as smoothly as in normal inspiration. 


Rechaka and Piraka are performed in a quick 
succession, no time being allowed to go by in between 
any two acts till a round is completed. Puraka follows 
Rechaka and Rechaka follows Puraka without a break. 
All the while the noisy and sudden Rechaka is so much 
in evidence that the smooth and quiet Puraka sinks into 
nothingness. So in practice, Kapalabhati appears to be 
an exercise of successive and sudden expulsions only. 
Each expulsion is preceded by a relaxation of the ab- 
domen and is accompanied by a sudden and _ vigorous 
inward stroke of it. The incessant blowing at the nose 
accompanied by the alternate rise and fall of the ab- 
domen, give the exercise an appearance of the bellows 
of a village smith. In fact that is the simile given by 
the author of Hatha-Pradipika to illustrate the action of 
Kapalabhati." . 


A SINGLE ROUND IN KAPALABHAT]I :— 


Up to this time we have considered the technique 
of an individual exhalation and an individual inhalation 
in Kapalabhati. Now we wish to discuss the measure of 


1 The minimum time taken up by an ordinary inspiration is nearly a accond 
aml a half, whereas inspiration in Kap@labhiti, at an average speed of 120 expul- 
sions per minute, requires only fthree-vighthe of a second. Again the volume of air 
inhaled in Kapdlabhati is slightly larger than that inhaled in ordinary inspiration. 
Hence we find that the volume of air passing through the respiratory passage 
during a particular wit of time is far larger in Kapalabhati than in ordinary 
inspiration. Henee inhalation in Kapalabhiti cannot be as smooth as normal inhala- 
tien. Still experience will show that Pltraka in Kapdlabhiti is smooth enough, and 
there is no roughness about it, corresponding to one evidenced in Rechaka, 

2 Svitmirima Siri says — 

HANA RE Tae wea | 

HUSAIN ACATAT wae ee a, WOH PT 35, 
[Hurried exhalations and inhalations after the fashion of an iron-smith’s bellows, 
constitute the iamous exercise of Kapilabhiti... 

It is interesting ta note here that KapSlabhiti plays such a prominent part in 
the Bhastr= or Bhastrik? Kumbhaka, that Kumbhaka gots the very name of bellows. 
Bhastrd or Bhastrikii means bellows in Sanskrita, 
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a single round of Kapalabhati and also to see how that 
round should begin and end, 


In determining the measure of a round, we have to 
determine the number of expulsions that go to form one 
round and the speed with which these expulsions are per- 
formed. The question of speed we shall take up later on. 
Here we shall say something about the number of expul- 
sions, In this connection we can follow the golden rule 
laid down by an old Sanskrita proverb' according to 
which a humble beginning is always free from danger. 
The number of expulsions which we prescribe to our 
patients’ and even to students of physical or spiritual’ 
culture is eleven to begin with. Generally three rounds 
are given at each sitting, two sittings being advised per 
day, one in the morning and the other in the evening. 
In normal cases eleven expulsions are added to each 
round every week, till at last each round consists of one 
hundred and twenty-one expulsions. 


Every round should begin with an exhalation and 
should end with an inhalation. In between any two 
successive rounds normal respiration should be allowed 
to intervene. It will. be found that this respiration is 
unusually slow and smooth,' This period affords the 
rest necessary forthe respiratory system in general and 
the abdominal muscles in particular. The length of this 
period should be settled according to one’s own conve- 
nience. Generally speaking half a minute to one minute 
should be sufficient for preparing one for the next round. 
The dose of Kapalabhati prescribed in the last two para- 


— 





Se: HAH: | 


2 Whether Kapalabhati can be prescribed toa particular patient and whether 
a change in this measure is indicated by the condition of his health, are questions 
which cannot be detailed here. The discussion offered in this article is from the 
point of view of an average man of health. 

3 Although Kapalabhiti is not a Pranayamic exercise, it is of considerable 
apiritual value. 

4 A detailed explanation of this circumstance will be offered in a physiologi- 
cal examination of this exercise in some future issue of this journal. A general ex 
planation will be found in this very article under General Hints, 
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graphs is perfectly general. It is intended for an aver- 
age man of health and is sufficiently strong for bring: 
ing about the physiological results expected of this exer- 
cise. Those who feel themselves above the average, may 
have a larger measure of Kapalabhati in their daily 
practice. For the purposes of physical culture, we might 
recommend double the average dose as the maximum. 
This doubling may be secured either by doubling the 
expulsions in each round, keeping the number of rounds 
constant; or by doubling the number of rounds, keeping 
the number of expulsions in each round constant. Need- 
less to say that the latter course will put less strain 
on the system than the former. The need of a spiritual 
culturist is greater. He may have, for his maximum 
dose, three rounds of three minutes each, at a sitting. 
It is absolutely necessary, however, that in reaching this maxi- 
mum no undue strain is pul upon the system. To be spiritu- 
ally useful, the practice should set up the vibrations to 
which we have made reference in discussing the pro- 
priety of the Lotus Pose in this exercise,’ These vibra- 
tions are set up only after prolonged rounds. Hence a 
spiritual culturist should distribute his total measure of 
the Kapalabhati exercise in as small a number of rounds 
as possible. Even in doing this the question of undue 
strain should never be lost ‘sight of. 


CONCENTRATION :— 


The question of concentration is of supreme importance 
to a student of spiritual culture in his practice of Kapala- 
bhati, With every expulsion of breath, he is delivering 
inward strokes upon the abdominal viscera. He is to 
think that these strokes are being delivered against a 
centre in the lower abdomen in which spiritual energy’ 


—_— 








| Vide p, 163, 


2 According to Yogic teachings Kundalini which represents spiritual energy is 
coiled up in the lower abdomen. The concentration being prescribed is calculated 
to wake up this Kupdalini. We have purposely avoided any modern anatomical 
terms here, simply because we cannot venture any speculative theory in connection 
with Kundalini, 
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is stored up. This concentration, if maintained throughout 
the exercise, will enable a student’ to make some centre 
of his nervous system spiritually active Even during the 
period of rest that is taken in between two successive 
rounds, the spiritual culturist should entertain no other 
thought except the working up of the desired centre? 


The question of a physical culturist is comparatively 
simple. He should concentrate upon the expulsions, all 
the while realizing that he is eliminating very large quan- 
tities’ of carbon dioxide and absorbing into his system simi- 
larly® large quantities of oxygen, This is rendering his 
blood richer in quality and consequently he is rebuilding 
the tissues all over his body. These thoughts should accom- 
pany not only his expulsions but also his period of rest. 


GENERAL HINTS :— 


As an exercise of very great oxygen value, Kapala- 
bhati has no parallel. Its nerve culture value is also 
very great. Its effects upon the circulatory and diges- 
tive systems are of considerable physiological importance. 








1 We do not wish to raise falee hopes. So we request every student of 
spiritual eulture to remember constantly the following fact, The ability to awaken 
nerve centres of spiritual value, varies very widely with different individuals. 
One person may get a response from one of these centres with less than six 
months” active work, whereas another person may fail to get it even after six 
years’ labour. So when one wants to embark on a voyage that leads to the land 
that is beyond all darkness, one should consider himself to be the least qualified 
of the spiritual aspirants and be prepared for the arduous task before him. This 
will avoid frequent disappointments and early clamouring for results, provided al- 
ways that the aspirant has undying faith in the immortal teaching of Bhagaviina 
S‘rikrishna that no spiritual aspirant ever comes to grief. 

2 ‘This activity is experienced firet in the form of throbbing and then in the 
form of aerene light glowing at the particular centre. 

3 The concentration described in this paragraph is only one of the diferent 
concentrations available for Kapilabhiti in spiritual culture. We cannot notice the 
other concentrations in this article for want of space. The subject will be taken 
in the system for treatment on some future occasion. 

4 The exact quantities of carbon dioxide eliminated and oxygen absorbed in 
Kapalabhati will be published in some future issue. Much experimental work has 
already been done in this connection in our laboratory. Experiments on the elimi- 
nation of carbon dioxide in Ujjdyai will be found in the Scientific Section of this 
number. 


5 Generally slightly larger than those of carbon dioxide eliminated, 
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The massage of the abdominal viscera which the ex- 
ercise effects is obvious. The massage of other -ana- 
tomical parts though not so clear to an untrained eye, 
ig not of lesser consequence. Even this bare' state- 
ment of the physiological importance ‘of this exercise 
should be sufficient to prove that the exercise deserves 
a definite place in the daily physical culture programme 
of every man that cares for his health. 


All the physiological advantages enumerated in the 
last paragraph accrue also to a_ student of _ spiritual 
culture. But he practises Kapalabhati for these advan- 
tages only up to a particular stage’ of development. 
Afterwards Kapalabhati is practised by him for nerve 
culture and especially for awakening particular nerve 
centres of spiritual significance, 


There is, however, another way in which a_ spiri- 
tual culturist takes advantage of Kapalabhati for his 
higher development. He uses Kapalabhati for . enabling 
him to practise his Pranayama more efficiently. We 
shall now state briefly how this is done. The exercise 
of Kapalabhati leads to the elimination of carbon di- 
oxide from the system on a very large scale. The 
absorption of oxygen into the system is also abnormal- 
ly large. This extraordinarily heavy exchange of gases 
in the lungs brought about by Kapalabhati, soon leads 
to get the blood saturated with oxygen. The result is 
that the chemical stimulus to the respiratory centre’ 
becomes weak and that centre becomes quiet. 





CN ——————————————— 


1 A detailed examination of the physiology of Kapalabhiti will appear wipers 
in this journal, Our readers will find some interesting information in this connec- 


tion in Vol. Il, pp, 45-47, What is said there of Bhastriki equally applies to. 


Kapilabhati. 

2 As stated in the beginning of this article Kapdlabhti is one of the aix 
cleansing processes advised in Yoga for securing what is technically called Nidi- 
s‘uddhi, that is, the physiological balance necessary for spiritual development. Nidi- 
s‘uddhi literally means the purification of nerves, This attainment of Niadis'uddhi 
indicates the stage where Kapilabhati ceases to be practised for physiological ad- 
Yantages by a spiritual culturist. 

3 For information on this point read our ‘Note on Respiration’, Vol, Ill, pp. 240-244, 
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It is a common experience of the students of Pra- 
nayama, that their attempts to control the lungs are 
seriously interfered with by the respiratory centre. A 
strong stimulus coming from this centre, makes hasty ins- 
piration or expiration obligatory. If, however, the 
respiratory centre could be so quieted as to send out 
feeble impulses, if at all, the interference of this centre 
with our Pranayamic exercises would be the least, and 
we could manage the measure of our Piraka, Kum- 
bhaka and Rechaka as we pleased: This quieting of 
the respiratory centre is brought about by Kapalabhau 
in the manner explained in the last paragraph. That is 
why students of Pranayama are able to perform their 
Pranayamic exercises more efficiently, if they are pre- 
fixed by a few rounds of Kapalabhati. That is also why 
Yogic tradition requires a student of Yoga to practise 
Kapalabhati before starting with Pranayama proper,’ in 
his daily course of exercises. , 


We cannot close this article without discussing the 
question of speed with which the exercise is to be gone 
through. 


As a cautious measure one can start at the rate of 
one expulsion per second. This may be developed into 
two expulsions per second in due course of time, One 
hundred and twenty expulsions per minute should be 
considered to be a fairly good speed for an average 
man of health. Those that feel themselves to be above 
the average may develop two hundred expulsions per 
minute, To exceed this limit would be physically im- 
possible, because then the expirations begin to be so 
shallow that the exercise would lose all its efficacy. A 
tolerably good speed is essential for Kapalabhati to be 
spiritually useful. 

1 It is ta be remembered that students of spiritual culture practise PrinkySma 
for the culture of their nerves. This is done by the manipulation of particular 
muscles, especially the diaphragm, Therefore these students want to be free to 
manage their diaphragm as they please. This they are able to do when inter- - 
ference from the respiratory centre is largely eliminated. 
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| The vigour of expulsions is a thing to be constant- 
ly attended to. Any attempt to develop speed at the 
cost of vigour is in the wrong direction. 


The degree of vigour and speed, the measure of a 
single round, the number of rounds to be done at one 
sitting and the total amount of exercise to be done ina 
day, are things which should be cautiously and judicially 
determined. Kapalabhati is a vigorous exercise and there- 
fore less innocent than Ujjayi. Hence the necessity of 
being very careful in getting the right sort of dose. We. 
shall close this article by repeating here what we have 
said in our article on Ujjayi. 


The whole treatment accorded to the subject here, is from 
the point of view of an average man of health. People not 
suffering from any serious trouble either of the heart or of 
the lungs, can also follow these instructions with suitable 
changes. But any one suffering from a pulmonary or car- 
diac disorder, is strictly warned against taking to these prac- 
tices on his own responsibility. He must consult an expert. 
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Editorial Notes 


May the Maker of all make this journal a success, Bless- 
ed is the name of the Lord. May He bless the workers of the 
Asrama with a happy and prosperous career as servants of the 
world which is only the Lord Himself objectified. May He, 
that has created us in His infinite wisdom, lead us to the light 
that is beyond all darkness. . : 

© ® + 


Iv is after two years and a half that a fresh number of 
Yoga-Mimarisd is being issued to our readers. Althouglr the 
journal has been irregular in its publication from its-very- 
birth, there was never such a long break in its career up to 
now. We deeply regret these extreme irregularities of our 
editorial work, but humbly crave to be forgiven by the gen- 
erous public and sincerely request them not to discontinue 
their patronage to our journal. 

+ | > ¢ 

Our warmest thanks are due to the present subscribers of 
Yoga-Mimudrsd. Inspite of more than two years’ suspension of 
its publication, these subscribers have shown utmost patience 
and in their inquiries about the issue of the present number 
they have not said anything that cannot be called polite. . 

> + “oe 


Y. M. 24 179 





YOGA-MIMANSA VOL, IV 


Tue following few paragraphs are written with a view to 
keep our readers acquainted with the developments of the 
Aérama. It is riot an attempt to defend ourselves against the 
charge of editorial irregularity. We frankly plead guilty to 
that oes 

; [ne > > 


PUBLICATION of Yoga-Mimadnsa journal is, indeed, a very 
important activity of the ASrama. But there are other activities 
which are, perhaps, more important than this ; and have to be 
given prior attention, if the cause for which the Katvalya- 
dhama stands is to prosper as a whole. In the beginning of 
1931, it became vividly clear to us that the progress of the 
Agrama would come to a standstill, if we did not immediately 
enter upon some new activities in addition to the work that was 


_. then being turned out by the Kaivalyadhama. The following 


‘Wete the new activities that claimed our immediate attention : 
(a} Opening of a branch of the Agrama in er ( ii) Publi- 
cation of popular handbooks of Yoga. (iii) Adaptation of 
Yogic exercises to the needs of educational institutions. (iv ) 
Creation of an exclusive Spiritual Centre. We are happy to 
see that we could, by the grace of the Lord, start all these 
activities during the last two years, and make them at least 
a humble success. 


& + > 


THE circulation of Yoga-Mimdssd throughout the length 
and breadth of India had, even before 1931, attracted the at- 
tention of many educated Indians to Yogic Physical Culture and 
Yogic Therapy. But going over to the Agrama at Lonavla for 
cultural and therapeutical work was possible only for a lucky 
few, because such a thing required the absence of the intend- 
ing physical culturist or patient from his home and from his 
post of duty for a considerably long time, besides incurring 
the heavy expenses of travelling, at times across hundreds of 
miles! It was, therefore, clear that Yogic Physical Culture and 
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Yogic Therapy, if they were to command a wider popularity, 
must be introduced into the big cities of India by establishing 
branches of the Aérama there. Bombay happened to be so near 
and so many citizens of Bombay had taken genuine interest in 
the affairs of the Agrama, that it was decided to open the first 
branch in this premier city of India. Immediately work was 
undertaken in that direction and in January, 1932, the Bombay 
Branch was established, with its headquarters at Borivli, one 
of the most beautiful and healthy suburbs of Bombay, and a 
Health Centre at Santa Cruz, another suburb nearer the city. 


The Kaivalyadhama Health Centre at Santa Cruz proved 
to be very attractive. A summary of the Medical Officer's 
report on the working of that Centre, will be found in the 
Miscellaneous Section, People of different castes and creeds 
took advantage of the facilities offered by this Centre and 
vastly improved their health. Attendance at Santa Cruz was, 
however, being found inconvenient by the public coming from 
Bombay proper. Hence the Health Centre was shifted to the 
heart of the city last March, and is now working opposite the 
Charni Road Railway Station in a building ideally situated for 
this work. The successful working of our Health Centre in 
Bombay has clearly demonstrated the need of such a centre 
in every city of our Motherland. Visitors from different parts 
of our country were so much impressed with the efficacy of 
Yogic exercises as they are systematized and scientifically ad- 
ministered to patients and physical culturists by the Aérama, 
that we have been already asked by responsible people to put 
in schemes for running similar centres in two other important 
cities. We feel sure that in the fulness of time, the Kaivalya- 
dhdma will have to manage a network of such centres spread- 
ing over the whole of India. ae 
> > —. ae 
EvEN before starting the Bombay Branch, there were. ae 
persistent demands from all over India for popular handbooks - aie 





1 at 


“YOGA-MIMANSA VOL. IV 


of Yoga, - Yoga-Mimansd, no doubt, makes an -excellent text- 
book in Yogic exercises. In fact it is ‘very largely used as 
such by thousands. But its price is beyond the reach of many. 
Again there is so much of theory discussed in the pages of 
this journal and the practical lessons are so widely scattered 
over its different issues, that the reader has to turn over sever- 
al numbers for getting practical information on a particular 
subject. Hence the want of popular and cheap handbooks 
devoted to the practical treatment of the different types of 
Yogie exercises, such as Asanas, Pranayama, Shat Kriyas, etc., 
was very keenly felt, The same want began to be felt much 
more keenly when hundreds of educated people began to take 
lessons in Yogic culture in the city of Bombay. We, there- 
fore, instituted the Popular Yoga Series and brought out two 
handbooks, one of Prdydydma and the other of Asanas, 
Others are to follow in due course of time. 


- Here we wish to draw our readers’ attention-to what we 
have said ‘about the Popular Yoga Series in the preface to the 
handbook of Pranayama. ‘The Popular Yoga Series is no 
substitute of Yoga-Mimansa. Whoever wishes to understand 
Yoga from the modern point of view and cares to learn 
thoroughly and intelligently the anatomy and physiology of 
different Yogic exercises, must study Yoga-Mimansa.” On 
the contrary it may be pointed out that readers of Voga- 
Mimdnsd need not study these handbooks. Most of the matter 
appearing therein is to be merely a reprint of the articles in 
the Yoga-Mimdnsd journal. Some chapters contained in the 
Popular Yoga Series thus far published, are, indeed, written 
afresh and present ¢ new angle of vision to the students of 
Yogic culture. We are, therefore, including:in.this and the 
next number of this journal all sueh new things as have ap- 
peared in the Popular Yoga Series. Nay, we hereby assure our 
readers once for all that everything concerning Yoga that will 
be: published from the Kaivalyadhdma will ever find its place 
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in Yoga-Mimdnsd and that the readers of this journal will 

never be required to incur.double expenses, first for Yoga: 

Mimdnsd and then for the other publications. . Hs, 
* ‘ > | : + . 

- Tue establishment of Agrama branches in the cities, and 
the a soutatettnn of popular handbooks of Yoga will, no doubt, 
very largely facilitate the spread of Yogic culture. But the in- 
fluence of even these activities is bound to be limited. If Yogic 
culture is to permeate through the life of every household, 
and that is the ideal set by the members of the Kaivalyadhdma 
before themselves, it must be introduced in the educational 
institutions of the land. Endeavours of the Agrama in this 
direction have also borne some fruit. Early in 1932, the 
Government of the United Provinces called us to Lucknow, 
and with a view to introduce Yogic exercises in their educa- 
tional institutions, got a few teachers trained in Yogic Physical 
Culture. In this connection a letter containing the remarks of 
the Director of Public Instruction, U. P., which is printed in 
the ‘Miscellaneous Section, will be found interesting. We feel 
confident that this laudable example of the U. P. Government 
will be followed by other provincial governments in due course 
of time, and in less than two decades, Yogic exercises will 
form a part of the physical instruction given to. each school- 
going boy and girl in India, 


-"In order to-introduce these exercises in the educational 
institutions, we had: to adapt them to mass movement, . This 
has been-very successfully done and a handbook written on 
the subject with the approval of the U..P.. Government, wih 
soon be in the hands of the general public. . 

- 2 > ’ ‘a ‘ 
Tae three activities referred to above. concern: themselves 
with the lower or physical side .of Yoga. As must have been 


clear by this time:to the readers of the Yoga-Mimdnsé journal, 


the interest of the Kaivalyadhdma. is centred round the higher 
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or spiritual side of Yoga on a far larger scale than round the 
physical side.’ All the Sadhakas that have joined the Agrama, 
forming an integral part thereof, have come together for their 
spiritual uplift, although the service of humanity through the 
physical side of Yoga has all along been an important con- 
sideration with them. Our physical and curative activities, 
_ however, have developed to such an extent that the whole 
atmosphere of the Agrama, both at Lonavla and in Bombay, is 
unduly influenced by the physical side of Yoga, rendering 
higher spiritual work seriously difficult. Hence an exclusive 
Spiritual Centre for the use of the advanced Sadhakas of the 
Agrama, has long since become a sore need of the Kaivalya- 
dhdma. We are greatly pleased to mention here that the 
Agrama has already secured a sacred and beautiful site for its 
Spiritual Centre. But more of this in the next number, 
By. — & > 
= hoAs stated in one of the foregoing mofes the Agrama has 

not only started these four important activities during the last 
two years, but has also achieved some degree of success in 
them.. Hence we could now find time for the resumption of 
the editorial work.and with the deepest pleasure we are pre- 
senting this third number of Volume IV to our readers. May 
we not hope to be forgiven all our faults and be getting the 
same patronage at the hands of our readers that has been 
accorded to us up to now? 

+ > > 
In this number we have included everything new that 
has appeared in the handbook of Asanas.. Fresh information 
appearing in the handbook of Prdndydma will be supplied to 
our readers in the next number which will contain, besides 
this, valuable original articles shedding new light on the sub- 
ject of Praniyama, 
© | ¢ > | 

- .: May the Lord that enabled us to found the Aérama, give 
us strength enough to carry on its work! May He ever widen 
the circle of our sympathizers and thus allow us to serve Him 
and His children to the best of our ability | 
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 N. B.—The Director of the Kaivalyadhama entreats 
every man of means to show his active 


sympathy for the Aframa. 
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Fig. XXX 





The Skeleton. 


Fig, XXXII 





The Muscles, 


HUMAN BODY 


INTRODUCTION 


BROADLY speaking the human body consists of two cen- 
tral parts called the trunk and the head. Attached to the 
trunk at its upper corners are the arms and at its lower cor- 
ners are the legs. The arms are termed the upper extremities 
and the legs are known as the lower extremities. Bones are 
the hardest parts of the human body, and form the framework 
of the physical structure. (Vide Fig. XXX). This frame- 
work of bones supports the softer parts of the body such as 
muscles which are attached to them. It also offers effective 
protection to some other parts of the human organism. For 
instance, some of the bones are arranged in such a way that 
they give wonderful protection to the brain, the spinal cord, 
the heart and the lungs. The brain is held securely in the 
bony case of the skull, and the spinal cord is safely lodged in 
the hollow of the backbone. Sumularly the heart and the 
lungs are located within the cage of the ribs. A very import- 
ant group of organs such as the stomach, the intestines, the 
liver, the spleen, the pancreas, and the kidneys, is situated in- 
side the belly. These organs are ably protected there by 
means of very strong muscles that go to form the walls of the 
belly and are attached to the bones at the two ends. Thus 
we find that the bony framework of the human body protects 
directly or indirectly all the organs of vital importance and 
also supports human flesh in the form of muscles in which it 
is clothed. These muscles, however, would have given a very 
uneven surface to the human body (vide Fig. XXXI), had 
it not been for the fat which fills up the depressions in the 
muscles and gives a rounded appearance to the different 
parts. What little roughness would still be persisting, is 
smoothed down by the skin forming the outermost coat of 
the human body. 
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THE CELL 


In the foregoing paragraph we have referred to“several 
parts of the human body. Thus there are references to bones, 
to the muscles, to the brain, to the liver, to the spleen and 
also to the skin. Now when a man dies, all these parts of his 
body also die. But in the case of living persons we often find 
that all these parts are not necessarily alive. Some of them 
may be attacked by disease and decay while the remaining 
body is sound and healthy. The above circumstance clearly 
shows that the different parts of the human body have no 
doubt a life which they share with the body as a whole, but 
they have also their individual life which must end with the 
whole body, but which may end even when the other parts of 


othe body are living, Take, for instance, the case of a man 
“agho gets a serious burn in which not only his skin, but even 


some irther parts of his fingers are involved. What has be- 
comé'to the skin and the fleshy parts of his fingers? They 
are dead! They must be removed by a surgeon, so that fresh 
skin and flesh may take their place. During treatment we 
can clearly observe that living flesh and skin are slowly grow- 
ing and taking the place of the dead parts that were previous- 
ly scraped off. 


Now the question arises as to what is the smallest unit in 
the human body which while sharing the life of the body as 
a whole, has its own independent life also? The answer to 
this question is the cell according to the science of biology. 
This science looks upon the human body as a republic of cells. 
Just as in a republic every person while sharing the life of the 
whole republic, leads his own individual life, so in the human 


-body every cell while partaking of the life of the whole body, 


has also its own individual life. The cell is the ultimate 
organic unit of the human body. In fact it is with the cells 
that the body is constructed. It is the cells that undergo wear 
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and tear when:the human body is working. It is the cells 
that are repaired when the human body is resting. It is the 
cells that receive nourishment when the human body is being 


treated with food and drink. It is the cells that are crying ae 


oxygen while the human body is gasping for breath. 


Naturally it is the cells that must be studied, if oné faites: : 
to understand the structure and functions of the human body, © 


These cells are extremely minute things and are densely 
packed in every part of the human body. They differ, how- 
ever, very widely in size. Thus within the space of a cubic 
millimeter we can hold several millions of them, if they are of 
the smallest variety ; but within the same space we cannot 
hold more than a thousand, if they happen to be of the biggest 
size. It is calculated that we carry more than 5,000,000 of 
these cells in a tiny drop of blood, that is only as big as one 
cubic millimeter. 


What is the stuff of which the cells are made? They are 
made of a substance that is known as profoflasm. It resem- 
bles the white of an egg and is considered by the biologist to 


be the physical basis of all life. Biologists have come to the 


conclusion that there is no life apart from protoplasm. . It is 
because of this protoplasm that the cell can become an 
independent organic unit so much so that it can live, it can 
take nourishment, it can grow and it can even reproduce 
its own kind. 


The process of cell reproduction is very interesting, Each 
cell has a highly specialized central part called the nucleus. 


This nucleus is as it were the very soul of the cell. Sowhen  ~ 


the process of reproduction starts, the nucleus first divides 
itself into two. The two parts begin to work independently 
and develop themselves into two full-fledged: célls.. When the 
development is completed, they separate themselves into two 
cells either of which can in its turn become a “mother~ and 
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reproduce two cells from itself. This process of cell-multipli- 
cation can best be observed in a rapidly healing wound where 
~-a large number of these cells is reproduced every day. 


Although all cells are uniformly made of protoplasm, they 
mutually differ in form according to the form of the organs to 
which they belong. For instance, muscle-cells are spindle- 
shaped, but gland-cells are cubical in form. 


Several cells combine to form what are called disses in 
anatomy. Broadly speaking, in some of the tissues of the 
human body the original cells are changed into fibres. Thus 
the fibres of the nerves and of the skeletal muscles are only 
- modifications of the cells. Every tissue has got not only its 


e distinctive form but also its specialized function to perform. 
“= Organs all over the body are made of these tissues, every one 


te oe tahich ic characterized by the functional activity of the 


organ to which it belongs. The activity of the muscles is 
characterized by their contraction, so every muscular tissue 
will be found to contract when stimulated to action. It a 
tissue belongs to a gland, it will be found to secrete juices 
when active. Similarly a nervous tissue will be found capable 
of transmitting impulses. 


Thus we have seen that the ultimate organic units of the 
human body are cells. These cells combine themselves into 
tissues each of which has its characteristic form and function 
according to the form and function of the organ to which it 
belongs, But what is it that enables the cells to live and 
function? As these cells work, they must undergo wear and. 
tear, What is it that enables them to repair themselves? The 
answer to this question is nourishment. Every one of these 
cells is constantly being supplied with nourishment in the 
form of oxygen, water, proteins, fats, sugars and salts. This 
nourishment is derived from the air we breathe, the liquids 
we drink, and the solids we eat, Out of this nourishment 
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cells are able to manufacture protoplasm which enables them 
to live and function and even to multiply. 


We shall now proceed first to study the arrangements 
made in the human body for carrying its nourishment to every 
cell and then to see how the nourishing elements are prepared 
out of the food and drink that we take by the mouth, and the 
air we take in by the nose. But even before we do this, we 
shall take a short notice of the bones and muscles that go to 
form the bulk of the human body. 


BONES 


There are about two hundred bones ina human adult. As 
stated in the introduction of this article they form the frame- 
work of the human body and support the softer part thereof. 
Fig. XXX illustrates the human skeleton. This illustration will 
make it clear that not only our trunk, legs and arms, but even 


our toes and fingers have these hard bones running through | 


them. Bones are joined together by means of joints most of 
which allow them movements within particular limits. These 
movements are brought about by muscles which connect the 
two bones joined together. In order that the movements of 
the joints may be smooth not only soft pads of cartilages are 
inserted between the joining bones, but also a sort of lubrica- 
Hon is made available there in the form of secretions. 


The most wonderful structure containing a series of joints 
is the backbone or the vertebral column, This column origin- 
ally consists of 32 separate pieces of bones, each piece being 
called a verfebra. In Fig. XXXII these vertebre can be 
distinctly seen. It will be discovered that they are only 26 
because several of them have become fused together as they do 
in the case of an adult. The first seven vertebrz are situated 
in the neck and hence are called cervical, from cervix: the 
neck, The twelve that follow are located in the region of the 
back and are therefore named dorsal. The next five are called 
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lumbar because they support the loins. Below these is the 
sacrum, originally consisting of five bones but afterwards of 
one continuous piece, the separate parts being united. The 
last piece is the coccyx. 


These vertebrz are arranged one on the top of the other, 
so that every one of them fits in with the one immediately 
above it and also with the one immediately below it, through 
partially movable joints. Between these vertebre soft bony 
substances are placed to serve as cushions. They are called 
cartilages, and allow free movements to the vertebra. Strong 
fibrous bands called Jigamenis bind together these 26 separate 
pieces of the vertebral column. Each vertebra has a hollow 
ring inside it. The column is so arranged as to keep these 
rings one above the other, forming a canal for the spinal 
cord to lie in. .It is, therefore, called the spinal canal. In 
Fig. XXXII this canal is indicated by C. 


Very strong muscles surround this vertebral column and 
enable it to move in almost all directions. Thus it can bend 
backwards and forwards, to the mnght and to the left, so also 
it can have considerable right and left twists. 31 pairs of 
spinal nerves exit through the spaces left between every two 
adjoining vertebra and. spread themselves to the different 


parts of the body. 
THE MUSCULAR SYSTEM 


The muscular system consists of muscles about five hun- 
dred in number. They constitute what is popularly known as 
flesh. They not only cover the skeleton, but also occupy the 
deeper parts of the human body. The skeletal muscles are 
made up of small, elongated thread-like structures called 
muscular fibres. The muscular coats of the stomach, the 
intestines etc., are made up of cells. When a muscle is work- 
ing these fibres and cells contract and consequently become 
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shorter. The result is that the whole muscle is contracted 
and becomes shorter. When a muscle composed of fibres is 
at work, it not only becomes shorter but also thicker in the 
middle, This thickening of the muscle in the middle can 
best be felt and seen in the case of our biceps. This muscle 
crosses our upper arms in the front and its work is responsible 
for bending our forearm in the elbow. If we grasp our right 
arm with the left hand while the right elbow is straight and 
then if we bend the right forearm in the elbow, we find a 
muscle bulging out under our hand. This muscle is the 
biceps and its bulging out is due to its thickening in the 
middle because of its activity. 


All the movements of our body are brought about by 
muscles that cover the skeleton. We can bring about any one 
of these movements at our will, simply because the muscles 
connected with these movements are under the control of our 
will. Hence these muscles are callecl voluntary. There are 
other muscles, however, which we cannot contract at our will, 
Their work is being done independent of our will-power, 
Such muscles are called involuntary. The best examples of in- 
voluntary muscles are the stomach, the intestines and the heart, 
The walls of arteries are also made of involuntary muscles, 


We shall understand the working of the involuntary 
muscles when we come to the study of the different systems 
to which they belong. At present, we shall take into consid- 
eration a few voluntary muscles of importance. 


The diaphragm is perhaps the most important voluntary 
muscle in the human body. Being strongly built it divides 
the thorax from the abdomen, serving as a partition. between 
the two. The diaphragm is a dome-shaped muscle, the con- 
vex surface of it being turned towards the chest. It moves 
up and down several times a minute. When it descends the 
vertical capacity of the chest is increased, which leads to the 
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act of inspiration. On the side of the abdomen this descent 
of the diaphragm exerts a gentle pressure upon the abdominal 
viscera and gives them a sort of massage, which helps them 
considerably in maintaining their health, 


The diaphragm is not, however, the only muscle that 
brings about respiration. There are others situated between 
the ribs. These muscles are called intercostal. They help the 
ribs to move up and down, 


On the side of the belly there are a number of strong 
muscles which hold together the abdominal viscera, We 
might here take notice of only two of them, the two straight 
muscles that vertically cross the front wall of the abdomen. 
They are called abdominal recti, On the upper side they are 
attached to the ribs and on the lower side to the pubic bone. 
When they contract they give a forward bend to the body. 
During respiration they move in co-operation with the 
diaphragm, and just like it massage the different organs held 
in the abdominal cavity and promote their health. 


Having studied a few facts about the bones and muscles 
which form the bulk of the human body, we come to the 
nourishment of the cells of which the whole body is made. 


THE CIRCULATORY SYSTEM 


The duty of carrying the nutrient material to every cell 
in the human body is assigned to a fluid called the blood. 
This is something with which every one of us is familiar, It 
consists of a liquid called the liguor sanguinis or plasma and 
minute solid particles called corpuscles. The corpuscles are of 
two varieties: red and white. Red corpuscles are smaller in 


size but far too numerous than the white ones. The average 


size of a red corpuscle may be about 5356 of an inch in di- 
ameter. Hence a cubic inch of the blood will contain millions 
and millions of these corpuscles. 
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The total quantity of the blood in a healthy adult human 
body has been estimated to be equal to one-thirteenth of its 
total weight. According to this proportion a man weighing 
156 pounds will have 12 pounds of the blood in him, 


This quantity of the blood is constantly being circulated 
throughout the body and is being brought to every cell there- 
in. When coming to the cell, the blood brings oxygen, pro- 
teins, fats, sugars, and salts to them which they pick up for 
their nutrition. While going away from the cell, the blood 
is loaded with carbon dioxide, urea etc., which the cells throw 
into it as waste products. These waste products are ultimate- 
ly eliminated from the system through the lungs, the skin and 
the kidneys to which they are brought by the blood in its 
ceaseless flow. In this way the necessary purity of the blood 
is constantly preserved. The cells are perpetually depriving 
the blood of the nutrient material it carries with it. Hence the 
blood has constantly to borrow this material from the lungs and 
the digestive system, and thus to satisfy the needs of the cells. 


The work of carrying oxygen to the cells falls upon the 
red corpuscles of the blood. They contain a solid substance 
called /iemoglobin which has a great friendship for the oxygen 
gas. This hamoglobin picks up oxygen from the lungs and 
brings it to the cells. 


We have to note here the following characteristics — of 
hemoglobin. When this substance combines with oxygen it 
becomes scarlet red in appearance, but when deprived of 
oxygen it becomes purple in colour. Further if hemoglobin 
combines with carbon dioxide, its colour becomes entirely 
dark. These characteristics of hemoglobin will help us to 
understand the difference between the colour of the blood 
coming to the cells and the colour of the blood going away 
from them. Let us see how. When the blood is flowing to 
the cells, the hemoglobin in its red corpuscles is combined 


¥. M, 26 195 








: sega pica cil ae 


VOL, IV 


ot the red corpuscles becomes deprived of its oxygen. Not 


only that but it becomes combined with the carbonic acid gas 


which the cells pass into the blood. Now the haemoglobin of 


-.. the blood thus combined with carbon dioxide becomes dark 


in 1 colour and lends a.darkish appearance to the whole blood. 


aha to now we have studied the nature of the blood and 


i o ico the work it has to do in the human body. We shall now 


ae proceed to see what apparatus has been set up to keep the 


blood going on its ceaseless round. 


This apparatus consists of the heart, the arterics, the 
capillaries and the veins. The heart is the central pumping 


~~ $tation from which the fluid of the blood circulates in the body. 


_ A big tube starts from the heart which divides and subdivides 


itself several times till at last its branches reach every organ 
in the human body. This big tube is called the aorta, and its 
branches leading to the different organs have their individual 


“names, the aorta and its ramifications being called arteries, 
These arteries after reaching the respective organs become. 


distributed into countless minute tubes the smallest of them 
having a diameter hardly bigger than zs, of an inch. These 
hair-like tubes are called capillaries. These capillaries pene- 
trate every organ so thoroughly that every cell of the organ is 
surrounded by them in every part of the human organism. 
This network of capillaries after penetrating every organ 
through and through, reunites to form bigger and bigger 
tubes, till at last two very big tubes are formed which complet- 
ing the round of tubes open into the heart. The tubes which 
join the capillaries with the heart are called veins. 


We shall now try to see something more of this appara- | 


tus which goes by the name of the circulatory system. The 
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ihe Siomach and the Liver. 
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The Heart, 


1 The Groove indicating the Septum, 2 The Superior Vena Cava. 
3 The Right Auricle. 4 The Right Ventricle. 5 The Pulmonary 
Artery, 6 The Pulmonary Vein. 7 The Left Auricle, 

& The Lett Ventricl. 9 The Aorta. 10 The Apex, 


( Paris contatuing Arterial Blood are marked with lines, whereas parts 
coating Venous Blood are marked with dots ) 
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NO, 3 HUMAN BODY 
heart is a pear-shaped hollow organ whose walls are made wp 7 
of an involuntary muscle. It is placed in the chest between the 
two lungs. (Vide Fig. XXXIII). The cavity of the heart is. 
divided by a septum-into two parts, the right and the left; the 
place of the septum being indicated by a groove which crosses. 
the outer surface of the heart muscle. ( Vide Fig. XXXIV). - 
Again each of these two parts, the right and the left is further | ae 
divided into two chambers, the upper and the lower. The “s cs 
upper chambers are called afria or auricles and the lower~~ ss 
chambers are called ventricles. Thus there are four chambers: °)™ 
the right auricle, the right ventricle, the left auricle, and the. : 
left ventricle. Between each auricle and the corresponding 
ventricle there is a valve which allows the blood to pass from 

the auricle to the ventricle, but does not allow any blood to 
pass back from the ventricle to the auricle, Tubes in the form 

of arteries and veins stand connected with the heart. 


; 





We have already seen that the heart is an involuntary ce 
muscle. It contracts and relaxes something like /0 times a- ser 
minute in a healthy individual, Its contraction is called systole 2 
while its relaxation is known as diastole. Sysfole is the time. of oo 
action for the heart whereas diastole is the time of rest. \It.is pie 
to be noted that the heart does not contract as a whole at” a 
once, but the contraction takes place in parts, first in the two e id 
auricles and immediately thereafter in the two ventricles. 0 
Both auricles and ventricles relax after their respective peandy. 
of contraction when the whole heart is‘at rest. . It is observed’ 
that diastole of the heart lasts a little longer than its systole, 2 uf 
Hence they say that the heart sleeps for thirteen hours and.” th z 
works for eleven hours every day. The. sleeping heart pass-— 
ively receives the blood from the body and the waking heart 
actively propels it into the body. 





Let us now follow the current of the blood that is kept 
going round by the circulatory system. “Two big veins, the 
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. ‘aipore venta cava and the inferior vena cava( Fig. XXXIV), 
! ae “pour the blood into the right auricle of the heart, The supe- 
= “rior vena cava drains those parts of the body that are situated 
ae above the level of the heart, whereas the other vein drains the 
other parts. During this time the right auricle is in diastole. 
When full this auricle contracts and squeezes its contents into 

the right ventricle which receives them passively, itself being 

“. ina relaxed condition. Now it is the turn of the right ventri- 
ele to contract and to force out the blood it contains into the 
"pulmonary artery for being taken to the lungs. The blood 
received from the two cavze is full of carbon dioxide which is 
to be eliminated. Hence the heart sends this blood to the 
lungs. There that gas is got rid of and fresh oxygen is picked 

- up. When this is done the blood becomes charged with 
oxygen. It gets also its colour changed from purple to red 
“scarlet. Now this oxygenated blood is to be distributed to 
the different cells in the body. For this purpose it is brought 
from ‘the lungs to the heart by the pulmonary vein. The 
blood is first poured into the left auricle when it is in diastole. 
Thereafter that auricle contracts and forces the blood into the 
left ventricle. The left ventricle then contracts and pushes 
out the blood into the aorta and its various branching arteries. 








The left ventricle contracts with such a vigour that the 
blood forced out into the aorta is sent throughout its ramifica- 
tions with a jerky motion. It is this jerk that constitutes the 

_ pulse which medical men feel in the patient's wrist. An idea 
of the vigour with which the left ventricle works can also be 
had by the feeling of the heart beat in the chest. This beat 

_ is the result of the left ventricle dashing itself against the 
”~ chest wall while undergoing its forceful contraction. 


During each contraction the heart propels about four 
ounces of the blood into the arteries. We have seen that the 
heart contracts 70 times in a minute. Thus we find that every. 


198 


NO. 3 HUMAN BODY 


minute the heart pushes into the arteries as much as 280 
ounces of the blood or in other words as much quantity of it 
as is sufficient to fill half a tin of kerosine oil ! 


From the arteries the blood passes into the capillaries 
and from the capillaries into the veins. Ultimately the two 
cave gather the blood from all the veins and pour it into the 
right auricle. 


The blood pushed into the arteries feels the propelling 
force of the heart every time. This force is the strongest just 
near the heart, but it becomes weaker and weaker as the blood 
gets further away. In the capillaries the propelling force. be- 
comes so weak that the blood loses the jerky motion which it 
has in the arteries. Hence the blood flow in the capillaries is 
smooth. In the veins the propelling force continues to weak- 
en increasingly till it is entirely lost when the blood returns 
near the heart. In fact the heart has to suck up the blood 
from the veins that unite with tt. 


As stated above the blood squeezed out of the heart flows 
through the blood-vessels, namely, the arteries, the capillaries 
and the veins. The arteries and the veins are made up of the 
same types of tissues. In some parts the elastic tissue pre- 
dominates, in others, the contractile. But the arteries are far 
stronger in their structure than the veins. Hence when 
empty, veins will collapse, whereas arteries will maintain their 
tubular form. Even the weakest veins, however, do not allow 
the blood flowing through them to exchange its contents with 
anything outside their walls. It is only in the capillaries that 
this exchange takes place, because the walls of the capillaries 
are extremely thin. Thus the blood while going through the 
capillaries of the lungs exchanges its carbon dioxide with the 
oxygen of the air in the air-cells ; and while passing through 
the capillaries of the other parts of the human body, it ex- 
changes its nutrient material including oxygen with the waste 
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products of the cells, these waste products consisting of the 
-carbonic‘acid gas, etc. 


THE RESPIRATORY SYSTEM 


In our study of the circulatory system we have seen that 
the blood when flowing through the capillaries of the lungs ex- 
changes its carbonic acid gas with the oxygen of the air that is 
contained in the air-cells of the lungs. This exchange of gases 
becomes possible only because quantities of fresh air are being 
constantly brought to the pulmonary area. We shall now 
proceed to see how these fresh quantities of air are made avail- 
able for the gaseous exchange in the lungs. 


If we take an elastic rubber ball having one opening and 
if we press the ball, we find that a part of the air contained in 
- the. ball is squeezed out. Again if we remove the pressure 

from the ball, it resumes its original size and while doing so it 
sucks up some air from outside. We shall now try to under- 
stand why this happens. The air outside the ball like the free 
air everywhere, is always under the pressure of ome afmos- 
phere or pressure equal to 760 mm. of mercury.! Under nor- 
mal conditions the air inside the ball also remains under an 
equal pressure, because through the opening it communicates 
freely with the air outside. Now when the ball is pressed, its 
internal capacity diminishes and the pressure on the air inside 
the ball increases. Hence a part of that air is expelled, so 
that the pressure inside the ball and the pressure outside it 
becomes equal. Again when the pressure is removed from 
the ball, it resumes its original size and regains its original 
capacity which is bigger than its capacity in the compressed 
condition. A part of the original air remains driven out. 
Hence when the ball returns to its normal size, it has in it 
much less air than it can hold. That is the air inside the ball 


1 This is the pressure of the atmosphere at the sea-level, As one rises higher up 
this pressure goes on decreasing proportionately, 
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is at a lower pressure than the air outside. Hence some air: 
from the atmosphere gets into the ball and equalizes its internal 
and external pressure. 


Now instead of one if we take two balls and if the opening - 
of each ball were to end in a tube, the two tubes afterwards 
uniting into one, and if we fill up the balls with very elastic 
pieces of sponge through which air can penetrate, these balls 
will exactly illustrate the lungs, Let us see how. 


There are two lungs, the right and the left. Both of 
them are made up of a spongy substance. ‘This substance is 
divided into three parts in the right lung and into two parts 
in the left, each of the parts being called a lobe. (Vide 
Fig. XXXIII ). The spongy substance of each lung is held in an 
air-tight bag having two coverings in close contact with each 
other, so that the two coverings make one coat only. These 
coverings are called the pleura. 


The coat of each lung has only one opening. It is in the 
form of a tube called the bronchus, The tube connected with 
the left lung is known as the left bronchus whereas the tube 
connected with the right lung is known as the night bronchus, 
The two bronchi unite to form the trackea which opens into 
the throat, which throat in its turn communicates with the 
nose, Itis through the bronchi, the trachea, the throat and 
the nose that the lungs keep communication with the outside 
atmosphere. ry 


The two lungs are held in an air-tight cage called the 
chest. The sides of this cage are made up of the flexible ribs 
and its bottom is made up of a very stout muscle called the 
diaphragm. The ribs are moved up and down by atteans of 
the intercostals.. Because of the action of the diaphragm and 
the intercostals, the chest expands and contracts; several times 
ina minute. Now when the chest contracts the lungs inside 
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os are pressed and the air contained in them is forced out, just as 
the air from the elastic rubber ball referred to in the last but 





> one paragraph, is forced out under pressure. This going out 


of the air from the lungs is called evhalation. Again when the 


- chest expands, the pressure in the lungs is lowered. Hence 
they suck up some air from the atmosphere. This sucking up 
of the external air into the lungs is called inhalation. Both 
inhalation and exhalation constitute the act of respiration 


: fe “and the apparatus used in this act is called the respiratory 
_ system. 


In the foregoing paragraph we have seen how air is drawn 
into the lungs. We shall now see how it is brought close 
to the blood circulating through the lungs for an exchange 
of gases. We have referred to the bronchi which enable the 
lungs to communicate with the atmosphere. These bronchi 
after entering the lungs, divide and subdivide themselves 
into numerous smaller and still smaller branches till their 
diameter measures hardly more than a of an inch. Here 
these fine bronchial tubes stop subdividing themselves further, 
but form very tiny air-cells roundabout them. When the air 
drawn into the lungs comes as far as these air-cells, it finds 
that the walls of the air-cells are so thin that it can easily leak 
out if it is wanted outside the air-cells. Now forming a sort 
of network with the air-cells in the lungs are distributed the 
blood capillaries bringing from the heart quantities of the 
blood full of carbonic acid gas. This gas the blood is anxious 
to get rid of and obtain oxygen instead for the nourishment 
of the cells all over the body. The walls of these capillaries 
also are so thin that they can allow carbon dioxide to escape 
and oxygen to come in its exchange. Even the combined 
thickness of the walls of the air-cells and capillaries is not 
sufficient to stop this exchange of gases. So the air from the 
lungs takes up carbon dioxide from the capillaries and lends 
its oxygen to the blood instead. 
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The Trachea, the Brouchi and the Digestive Tube 
up to the End of the Duodenum Exposed. 
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In every inhalation we take about 500 c,c. of air into the 
lungs. This contains little less than 105 c.c. of oxygen. 9 
All this oxygen is not, however, taken up by the blood. The a, 
blood takes up only about 24 c.c. of it and returns nearly an 4 
equal quantity of the carbonic acid gas. So when the air. 
comes out of the lungs, it contains all the carbonic acid gas 
taken from the blood and also a large quantity of oxygen that = 
remains unabsorbed by the blood. The rate of respiration in 26 
a healthy adult is from 14 to 18 per minute. i 





THE DIGESTIVE SYSTEM 


In our study of cells we have seen that they require oxy-. 
gen, proteins, fats, sugars and salts for their life and growth. 
Out of these oxygen is supplied to the cells by the respiratory 
system. The system which is responsible for getting the 
other nutritive material ready for them is the digestive system. 
We shall now proceed to study the different parts of which 
this system is made up and the way in which it feeds the cells. 


The digestive system consists mainly of a continuous tube. a 
known as the alimentary canal, that is, the passage along. 2 


which food passes through the body. This tube is something” 
like 30 feet in length and starting from the mouth ends at the 9 
anus. Only a small part of it is situated in the chest, most. = 
of the tube being held in the abdomen. The part next to the’: ee 
mouth is the pharynx which descends down the throat and ae 
ends in the esophagus or the gullet. Passing behind the 
trachea thé cesophagus crosses the chest almost vertically, till me 
it pierces the diaphragm and enters the abdomen. (Vide 
Fig. XXXV). The cesophagus is something like 9 inchesin ~ # 
length. After coming into the abdomen in the form of the 
cesophagus, the digestive tube becomes greatly dilated to form 

the stomach. So the stomach is only a dilated part of the ali- 
mentary canal.. The stomach, however, is not a straight tube, 
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eft to right. It ends in ‘the small sateatine, The stomach 


o ~~ has two openings. The upper opening connects it with the 


cesophagus and the lower one joins it with the small intestine. 
Both these openings are formed of strong muscular rings which 


ri *-Temain closed ordinarily, but which open when necessary. 
“The upper opening is called the cardiac orifice and the lower 
one the pyloric orifice. 


The small intestine is so named because it is small in 
calibre, It is, however, 22 feet in length. This whole length 
ig admirably held inside the abdomen in several coils as 


ae illustrated in Fig. XXXVI. The small intestine is divided 
ee {nto three parts, these successive parts being named as the 


duodenum, the jejunum and the ileum. 


The ileum opens into the Jarge intestine or the colon by 
means of a valve called the ileo-cecal valve. The colon is 
called the large intestine because of its big calibre which varies 
from 1'5 to 3 inches in diameter. The length of the colon is 
only 5 feet. In the abdomen it passes in a curve round the 
coils of the small intestine and gets different names for its diff- 
erent parts. That part of it which is below the ileo-cecal valve 
is called the cecum. To this cecum is attached externally a 
small organ called the appendix. This organ when inflamed 
gives rise to the disease appendicitis. 


The colon ends in the recfim which is only some 6 inches 
in length. The last part of the colon, hence also of the diges- 
tive tube, is called the anal canal. It is only an inch in length. 
The rectum and the anal canal are continuous. The opening 
by which the digestive tube terminates is called the anus. Itis 
guarded by a strong muscular ring which opens at the time of 
defecation, but otherwise remains contracted and closed. 
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1 The Liver. 

2 The Gail-Blacker. 

3 The Stomach, 

4 The Small Intestine. 
Ss The Cecum. 


(The Cecum has been drawn upwards and 





The Abdominal Viscera. 


5" The Appendix, 
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10 The Rectum. 
backwards so as fo expose the Appendix) 


The Colon. 
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The digestive tube is made of strong muscular coats. A ae 


wave of contraction travels down the tube and pushes forth the 
food contents. ‘Such a wave is called peristalsis. If the wave 
travels in the opposite direction, it takes the contents back- 
wards. The backward wave is called anti-feristalsis... The 
action of vomitting is brought about by anti-peristalsis. 


The inner surface of the whole of the digestive tube is 2 


lined with the mucous membrane, the same fine delicate thing 


that covers the cavity of the mouth. Several glands are situ. . > 
ated in this tube and pour their secretions into it for helping 
the digestive process. The salivary glands are located in the «~~ 


mouth, the gastric or peptic glands in the mucous membrane of 
the stomach and the intestinal glands in the mucous membrane 
lining the intestines. 


No description of the digestive apparatus can be complete 
without taking into account two accessory glands, the liver and 
the pancreas. 


The liver is the biggest gland in the human body. It 





weighs as many as 55 ounces. It is situated on the right side of 4 : 
the abdomen just below the diaphragm. (Vide Fig. XXXVI). =, 


Its left part extends a little even beyond the breastbone. The: 


liver plays a very important part in the digestive system. The 
yenous blood carrying with it nourishing material collected 
from the stomach and the intestines has to pass through this 
gland and be worked upon by it. If the liver does not.func- 
tion satisfactorily this nourishing material suffers in: quality 
and leads to various disorders. ‘The liver is responsible for an 
important product called the bile. This product is generally 
first stored up in a vessel called the gall-bladder (Fig. XXXVI), 
and then poured into the duodenum through the bile-duct. 


The pancreas is much smaller than the liver. It weighs 
only 2 to 3 ounces and is irregularly prismoid in shape. It is 
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situated behind the stomach. This gland has a secretion which 
is poured into the duodenum along with the bile and is known 
as the pancreatic juice. It plays a very important part in the 
digestion of food. | 


Thus far we have considered the digestive apparatus. Let 
us now see how this apparatus digests the food that we take 
and how it sends the nourishing material on to the cells. 


In order to understand the problems of digestion and nu- 
trition, it is necessary for us to know a few chemical and phys- 
ical facts. Chemically examined the different articles of food 
we take fall into four heads, namely, proteins, carbohydrates, 
fais and salts. Out of these, carbohydrates contain starches 
and sugars. It is possible for the constituents of an article 
of food to fall under a single category, but generally foodstuffs 
combine the different chemical varieties noted above. For 
instance, sugar falls under carbohydrates only. Ghee is nothing 
but fat. But wheat, bajri or rice is a combination of proteins, 
fats and carbohydrates ; whereas milk contains all the four 
varieties mentioned above. Of course the proportion of differ- 
ent varieties differs in different foodstuffs. For example, the 
percentage of fat present in rice is only 0°4, but in wheat it is 
1‘7 and in buffalow's milk 9. Another fact which needs our 
attention in regard to these chemical constituents of food is 
their solubility or otherwise in water. Salts and sugars are 
soluble in water whereas proteins, starches and fats are insolu- 
ble. Now the membrane which covers the inner surface of the 
digestive tube allows only those chemical substances to pass 
through it which are soluble in water. Hence salts and sugars 
can pass through the membrane, but proteins, fats and starches 
cannot. We have, however, seen that the cells of the human 
body constantly stand in need of not only salts and sugars, but 
also of proteins, fats and starches. Now these latter varieties 
of food constituents, if they are to reach the cells, must do so, 

by getting into the blood current, and they can get into the 
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blood current only if they can pass through the membrane. 
Again they can pass through the membrane, only if they. are 
rendered soluble in water. This is exactly what is done by the 
process of digestion. The different glandular secretions that 
are poured into the food tube, act upon the constituents of the 
food we take, and render them soluble in water. So we can 
define digestion as the process by which the different constit- 
uents of the foodstuffs are rendered soluble in water by the 
action of the glandular secretions of the alimentary canal, so 
that they could get into the current of the blood and be carried 
to the cells of the body for their nourishment. 


Having studied the general nature of digestion, let us now 
know some details of this process. As seen in the last para- 
graph, out of the foodstuffs we take, sugars and salts are soluble 
in water and can pass to the blood current directly. But 
the starchy part of carbohydrates, so also proteins and fats 
require to be made soluble before they can pass through the 
mucous membrane of the food tube. Let us now see how this 
is accomplished. 

The first operation which the food we take undergoes, is 
mastication. It is necessary for the foodstuff to be very finely 
powdered even while it is still in the mouth. The different 
juices which bring about digestion can act upon the food far 
more thoroughly, if the foodstuff is reduced to minute particles. 
Hence the need of thoroughly chewing our food whenever it 
is taken. Further the process of digestion starts right from 
the mouth. Saliva which is liberated by the salivary glands 
acts upon the starchy part of carbohydrates of our food and 
converts it into sugar thus rendering it soluble in water. Saliva 
which ordinarily keeps the mouth moist, moistens the masti- 
cated food and also helps us in swallowing it comfortably. As 
our experience tells us, dry stuff is so difficult to be pushed 
down the throat. After getting into the stomach through the 
gullet, the food comes in contact with the gastric. juice which 
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is secreted by the gastric or peptic glands situated in the 
mucous membrane of the stomach. This juice acts upon the 
proteins and turns them into peptomes which are soluble in 
in water. From the stomach the food goes into the small 
intestine. Here it meets with the pancreatic juice which isa 
very powerful digestive agent. It acts on all the insoluble 
constituents of our food, namely, starches, proteins, and fats. 
Out of these, fats are digested almost exclusively by the pan- 
creatic juice. But in the cases of proteins and starches the 
work of the pancreatic juice is only supplementary. If a part 
of starches escapes the action of saliva or a part of proteins 
escapes the action of the gastric juice, these parts are taken care 
of by the pancreatic juice and the work of the saliva and the 
gastric juice is completed by it. It is to be remembered that 
the bile from the liver and the secretion of the intestinal glands 
also play some part in the process of digestion. While these 
different secretions are acting upon the food, it is travelling 
down the digestive tube; and by the time the food reaches the 
end of the small intestine, the process of digestion is almost 
completed. 


Thus we see that the different constituents of our food are 
digested in the alimentary canal because of the action of differ- 
ent juices poured into it by various glands. These digested 
constituents having been rendered soluble in water become 
dissolved in it and a sort of solution is prepared. We have 
already seen that the membrane covering the inner surface of 
the digestive tube is so thin that it allows such a solution to 
pass through it. Now just beyond this membrane there is the 
blood current circulating through the capillaries. The walls 
of these capillaries too are very thin and allow the foodstuff 
to get right into the blood current. This passing of the 
digested food into the circulatory system for being carried to 
the cells all over the body, is known as absorption, Ultimate- 
ly when the cells pick up the nutritive elements from the blood 
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and utilize them for their nourishment, the process is known 
as assimilation or nutrition. 


The process of digestion starts in the mouth, but the 
process of absorption begins in the stomach. Whatever part 
is thoroughly digested becomes dissolved in water and is ab- 
sorbed by the walls of the alimentary canal. Thus the 
stomach is responsible for the absorption of salts, sugars and 
peptones, whereas the small intestine absorbs not only these 
but also fat. Most of our nutrition is absorbed through these 
two parts of the food tube. Absorption does take place in 
the colon also, but this part of the bowel mostly extracts 
watery portions from the contents that are presented to it by 
the small intestine, 


Bowel contents move very slowly through the colon. 
Food completes its journey of about 25 feet and reaches the 
ileo-cecal valve in four hours and a half, but it takes more 
than six hours to move along the 4 feet of the colon. Owing 
to this slow progress of the bowel contents in the colon, the 
watery portion gets ample time for being absorbed into the 
system and by the time these contents reach the last part of 
the large bowel, they become semi-solid. There they lie till 
they are evacuated in defecation. 


The food tube 1s made of involuntary muscles. Hence 
their contraction which expresses itself in the form of peri- 
stalsis or anti-peristalsis is not under the control of our will, 
Students of Yoga can bring at least a part of these involuntary 
muscles under their control. But that is only an exception 
and not the rule. What is it then that ordinarily starts peri- 
stalsis and thus propels the food along the tube ? Generally it 
is the chemical stimulus of the food itself. The chemical 
contents of the food as it is being digested stimulate the 
nerves that control the intestinal muscles and set up a wave 
of peristalsis. In this connection the part played by the bile 
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is very important! It greatly helps the bowel movement be- 
cause of its chemical nature. Mechanical stimulus is also a 
factor to be taken into account in studying the intestinal 
action. It has been found that peristalsis becomes weak if a 
particular amount of internal or external pressure is not ex- 
_erted on the food tube. 


The few facts about the digestive system that we noted up 
to now, will show that digestion is bound to suffer if the juices 
necessary for this process are not available or being available 
are not of the necessary strength. This is exactly what 
_ happens in the case of the disease called dyspepsia. Again the 
peristaltic action of the food tube must be such as would push 
the contents right up to its end and throw them out. If this 
action is either weak or absent, constipation is the result. 
Either in dyspepsia or in constipation, foodstuff delayed in the 
tube begins to putrefy and dangerous toxins are manufactured. 
The process of absorption that is ever going on, puts these 
toxins into circulation throughout the system and poisons the 
different organs of the body. Hence health can be ensured 
only if the digestive system is able not only to digest the food 
but also to excrete the undigested and undigestible foodstuff. 


Along with the digestive secretions, the bowels throw 
into the tube other things which are to be eliminated. So the 
ordinary stool consists of not only the undigested and undi- 
gestible food residue, but also some other things which the 
system does not want. | 


THE URINARY SYSTEM 


In the foregoing part of this article we have seen that 
the food tube acts not only as an organ of digestion but also 
as an organ of excretion. There are other organs which have 
an equally important excretory function. They are the hid- 
neys. Connected with the kidneys are the wreters, the bladder 
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1 The bile is also reaponsible for not allowing the contents of bowels to putrefy. 
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and the urethra. All these organs constitute what is called 
the urinary system. 


While the body is functioning, it produces two poisonous 
substances called the uric acid and urea. It is necessary for 


the human organism to get rid of these poisons. The work of 


driving out uric acid and urea is done by the kidneys. They 
excrete a fluid called the urine in which these poisons are held 
in solution. ‘The kidneys are situated in the back side of the 
abdomen. Each of them has a tube called the ureter passing 
from it to the bladder which is a muscular bag situated in the 
pelvis. Urine is secreted drop by drop and trickling down the 
ureters is collected in the bladder. When this bag is full we 
get a call for passing urine. If this call is not suppressed the 
bladder contracts and expels urine through a passage which is 


‘called the urethra. With urine both uric acid and urea are 


excreted. Failure of the urinary system to function satis- 
factorily leads ¢o the accumulation of the uric acid and urea in 
the system causing different disorders therein, 


THE NERVOUS SYSTEM 


Up to now we have seen how nutrient material is intro- 
duced into the human body through the respiratory and the 
digestive systems and how the material thus introduced is 
taken to the different organs through the circulatory system. 
We have also seen how the excretory organs such as the lungs, 
the food tube and the kidneys throw out waste products. This 
study is sufficient to show that there is a sort of co-ordination 
amongst these systems working in the human organism. But 
if we observe things more closely this co-ordination becomes 
more evident. Let us watch a man that is engaged in doing 
some violent muscular work. We find that his respirations 


become more and more rapid and that his heart begins to beat 


faster andlouder. This shows that the work the man_is ‘doing 
with his muscular system affects his respiratory ahd ‘circula- 
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tery-systems also. “Why is itso? Itis because of the close 
co-operation of these three systems. Violent muscular work 
produces large quantities of carbon dioxide in the tissues. 
These abnormally large quantities must be brought to the lungs 
for being eliminated from the the body and for this the heart 
must do additional work by making the blood circulation rapid. 
That is why the heart beats faster and louder. Again when 
the blood presents these extra large quantities of carbon dioxide 
to the lungs for elimination, the lungs must put in additional 
work for throwing them out through exhalation. Hence ex- 
halations and consequently inhalations too become rapid. 


But how is this co-operation brought about ?Is there any | 


agency which stands responsible for this co-operation ? Yes, 
the system which brings about this co-operation is the nervous 
system. It is connected with all the different systems work- 
ing in the human body where it controls their functions and 
co-ordinates them. In the instance of co-operation we referred 
to in the last paragraph, the abnormal quantities of carbon 
dioxide thrown into the blood by the vigorously working 
muscles, require a message to be sent to two centres in the 
nervous system, communicating to them the necessity of rapid 
blood circulation and rapid respiration. These centres in their 
turn issue orders to the organs of circulation and respiration 
which in response immediately begin to do additional work, 
In this way all co-ordination in the different systems is 
brought about by the nervous system, its supreme ruling power 
making such a thing possible. Let us therefore study this 
nervous system in some detail. 


-The nervous system consists of two divisions, the central 
or the cerebrospinal system and the autonomic system. The 
latter is again divided into two parts : the sympathetic and the 
parasympathetic. The central nervous system mainly consists 
of thebrain, twelve pairs of the cranial nerves, the spinal cord 
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and thirty-one pairs of the spinal nerves. The sympathetic is 
chiefly represented by two chains of ganglia placed one on 
each side of the spinal column. The parasympathetic is found 
near the brain and the sacrum. 


Out of the different parts of the nervous system referred 
to above, the brain and the spinal cord are collections of nerve- 
cells. The brain, somewhat globular in form, is situated in the 
skull and its principal part is known as the cerebrum. The 
spinal cord which is elongated in shape 1s a prolongation of the 
brain and is held securely in the hollow of the spinal column. 
As the cerebrum and the spinal cord constitute the main por- 
tion of the central nervous system, it also goes by the name of 
the cerebrospinal system, Cranial nerves start from the brain 
and come out of the cranium. The spinal nerves start from 
the spinal cord and issue out from the spinal column. All these 
forty-three pairs of nerves spread themselves throughout the 
body and form a closely woven network. The whole surface 
of the human body is so thickly covered with nerve-endings 
that not a pin could be placed thereon without touching some 
one of them. That is why we are able to detect the slightest 
touch even of a very pointed instrument anywhere in our body. 
Nerves are made of fibres. They have the appearance of a 
thread. As they spread out they divide and subdivide them- 
selves, till they reach all the inner and outer parts of the body 
in fine fibres called nerve-endings. At its origin each nerve is 
connected with a group of nerve-cells which has a specialized 
function and which is known as a nerve-centre. 


Functionally these nerves may be divided into two classes: 
motor. or efferent and sensory or afferent. Motor nerves are 
responsible for all the muscular activities of man.. In their 
case the impulse starts at the centre and. travels along: the- 
nerve to its further end where it sets up action in. the muselé 
connected with it. For instance when I wish to pick up a 
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book from my table, that wish starts impulses in the brain 
which travelling along the nerves excite the muscles of my 
hand to do the work. The work of the sensory nerves is just 
of the opposite nature. They carry impulses to the centres 
from the further ends of the nerves. In the brain these im- 
pulses are interpreted into sensations. Nerves responsible for 
the sense of sight, smell, taste, touch etc., are all of this class. 


The sympathetic nervous system mainly consists of two 
‘rows of ganglia, that is, groups of nerve-cells, mutually con- 
nected by means of cords composed of nerve-fibres. (Vide 
Fig. XXXII). Thus there are two gangliated cords, and they 
are placed one on each side of the spinal column. Branches 
starting from these cords spread themselves to the different 
glands and viscera situated in the thorax and the abdomen. 


Life processes which are ever going on in our body with- 
out the intervention of our will, are all under the influence of 
the sympathetic nervous system. The manufacture of the bile 
in the liver, the secretion of the pancreatic juice in the pancreas, 
the peristaltic and anti-peristaltic actions of the intestines, the 
beating of the heart, the movement of the lungs, all are carried 
on by this part of the nervous system. As the sympathetic as 
well as the parasympathetic systems work their way independ- 
ent of our will, they are called autonomic. 


The foregoing study of the nervous system clearly shows 
that all other systems working in the body are under the 
influence of this system. In fact the nervous system rules the 
whole human organism. If the nerve supply of a particular 
organ is cut off, the organ immediately ceasés to work and will 
ultimately be entirely useless, If the nerve supply of the 
hand is cut off, that hand will be immediately paralysed in 
spite of its possessing well developed muscles. If the visual 
centre in the brain, goes out of order, the man will not be able 
to see even when his eye is in-tact. Therefore if all the bodily 
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functions are to be satisfactorily carried on, the nervous. system 
must be kept in a very efficient condition. 


THE ENDOCKRINE GLANDS 


We cannot close this description of the human body with- 
out taking into consideration particular structures which in- 
fluence all other structures in the human body including the 
nerves. These structures are known as endocrine or ductless 
glands. These glands are called endocrine because they have 
an internal secretion as opposed to the external secretion like 
the bile of the liver or the pancreatic juice of the pancreas. 
External secretions leave the secreting glands through ducts 
such as the bile-duct or the pancreatic duct. But internal 
secretions are thrown directly into the blood current without 
their leaving the glands of their origin. Hence endocrine 
glands have no ducts and that is why they are also called 
ductless. Endocrine glands are situated in the different parts 
of the body. Thus the thyroid and the parathyroids are situ- 
ated in the neck. The pineal and the pituitary are situated 
respectively in the brain and at the base of the brain. The 
adrenals or the suprarenal glands are situated above the kid- 
neys. The ovaries in the case of females are situated in the. 
pelvis whereas the testes, the corresponding male reprodutive 
structures, are held hanging in the scrotum. 


In the human body there are some glandular structures 
which have both an internal as well as an external secretion. 
The best examples of these are the pancreas and the testes. 
The pancreatic juice which we have already studied is the 
external secretion of the pancreas. The external secretion of 
the testes is known as semen. From its origin it is conducted 
through ducts to two sacks situated in the ek and is stored 
up there before being utilized. 


It has been experimentally found that the endocrine secre- 
tions very powerfully affect the nervous system, aad through: 
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it.as’well.as otherwise maintain the physiological balance of 
the human organism. If these secretions suffer in quality 
pathological conditions are rapidly established in the different 


parts of the human body. We take a striking illustration of 


extreme pathological conditions arising from the withdrawal 
of the internal secretory activity of an endocrine organ. The 
menopause which is characterized by physiological cessation 
of menstruation, occurs when the ovaries cease to give their 
internal secretion. This leads to irritation or depression, ver- 
tigo, faintness, tachycardia, cold sensations in the hands and 
feet, vicarious bleeding from various parts of the body, and 
many other symptoms, which show that the whole balance is 
upset. Generally speaking the disturbances are not so uni- 
versal, but are confined to particular parts of the body. Still 
these disturbances can amply prove the supreme importance 
of the internal secretion of the ovaries. The thyroid secretion 
provides another example. As soon as this secretion suffers, 
the cells of the most distant parts of the human body slowly 
begin to undergo a change. The hair begin to grow gray, the 
nails have a tendency to be brittle, fatty degeneration starts in 
the arteries, the face tends to be wrinkled, weakness creeps 
over the brain, in fact, many sentle symptoms begin to be 
apparent. 

Preparations containing internal secretions are made out 
of endocrine organs of animals and are used in the treatment 
of diseases. This is what constitutes organotherapy. 


Yogic Therapeutics aims at restoring the internal secre- 
tions to their normality by securing the health of the endocrine 
organs through Yogic practices. 


CONCLUSION 


From the study of the different systems working in the 
human body,.it is clear that their aim is to bring nutrition to 


the millions of cells of which the. body is composed and to. 
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repair the constant waste which these cells undergo because 
of their ceaseless activity. This process of waste is called 
catabolism. The process of repair by assimilation is called 
anabolism. These two processes put together are known as 
wnetabolism. When anabolism is more active than catabolism 
the body gets an opportunity to grow. But when catabolism 
is more rapid than anabolism the body loses. In a growing 
child the anabolic process more than makes up the waste 
brought about by catabolism. Hence in the case of such a 
child there is constant development of the body. Ina healthy 
adult both the anabolic and catabolic processes balance them- 
selves and thus enable him to keep up his body unimpaired. 
In old age catabolism gets the upper hand and leads toa steady 
wastage of tissues. 


In our study of this article we have seen that the differ- 
ent physiological systems of the human body are mutually co- 
operating with one another. When this co-operation is perfect, 
harmonious physiological functioning is ensured. This har- 
mony is known in the ordinary language as health. If any of 
the systems fails to co-operate, this harmony is disturbed and 
disease sets in. The aim of Yoga is to avoid disease and 
ensure health by establishing and maintaining physiological 
harmony in the human body. 


Following diseases, especially in theiy chronic condition, 
can be effectsvely treated by the Yogrc methods : 


Constipation. 

Dyspepsia. 

Headache. 

Files. 

Heart-disease (functional). 
Neuralgia. 

Diabetes. 

Hysteria. 

Consumption. 

Obesity. 

Sterihity (certain types ). 
impotence. 

ry Appendicitis, &c. 
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Therapeuitcal advice 1s given gratis at the Agrama to 
patients coming for consultation. 


Arrangements have been made under the supervision of the 
Atrama for patients to stay on payment of actual expenses, 
Res. g5]- per mensem. 
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N. B.— Instruction in Yogic culture higher as well as 
lower will be given: gratis at the Aérama to 


everyone that earnestly seeks it, 


PREPARING ONESELF FOR ASANAS — 


Yoca has a complete message for humanity. It has a 
message for the human body. It has a message for the 
human mind and it has also a message for the human soul. 


Yoga-Sastra unmistakably recognizes the interdependence 
of body and mind. It prescribes exercises both for the body 
and the mind, so that the two might develop themselves in a 
spirit of co-operation to such a balanced psycho-physiological 


condition that they should cease to enslave the human soul. 


Yogins are convinced that thus freed from the thraldom of 
body and mind, the soul realizes its boundless existence of 


infinite bliss. 


While acknowledging the Wie ieneidcaee of oe and 
mind, Yoga-Sastra holds that the influence of the mind on the 
body is far more powerful than the influence of the body on 
the mind. Hence mental exercises form the bulk of the 
Yogic curriculum, although physical exercises have also a 
definite place in it. Asanas are physical exercises. They 
form the third item of the Yogic curriculum. Yamas! and 
Niyamas* are mental exercises. They form the first two items. 
Yamas and Niyamas are given precedence in the curriculum, 
because without their practice, Asanas will not give the desir- 
ed results completely. 


The preceding paragraphs have been written with-a view 
to present to our readers the practice of Yamas, Niyamas and 
Asamas in the right perspective from the point of view of 
Yoga- Sastra, Out of the many points touched in these para- 
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graplis, we shall ‘now discuss at some length only those that 
directly concern a practical student of Yogic poses. 


‘We shall start by making a brief reference to the results 
a student of Yoga expects to obtain from the practice of 
Asanas. Next we shall examine the scientific evidence that 
is adduced to prove the interdependence of body and mind, 
Then we shall try to understand the general features of Yamas 
and Niyamas. When all this is done, we shall be in a position 
to see whether the practice of Yamas and Niyamas would en- 
hance the results expected of the Yogic poses and whether the 
neglect of Yamas and Niyamas would impair their efficacy. 


Asanas are divided into two principal groups: Cultural 
and Meditative. Sirsha, Sarvafiga, Bhujafiga, Dhanus, Salabha 
etc, are cultural whereas Padma, Siddha, Svastika and Sama 
: are meditative. Individuals who take to the practice of 
Asanas are also of two types: those who seek only physiolog- 
ical advantages and those who are anxious to secure spiritual 
advantages also. People of the first type may be called phys- 
ical culturists and those of the second type may be termed 
spiritual culturists. In trying to obtain physiological results 
by the practice of the cultural poses, both spiritual culturists 
as well as physical culturists wish to maintain the nervous and 
the endocrine systems in excellent health, because through 
these two systems the health of the whole human organism 
can be secured, as we have seen in the Semi-Scientific Section. 
A student of spiritual culture, moreover, undertakes to practise 
the cultural poses with an additional object in view. He wants 
the nervous system to be so trained as would easily bear the 
interaction of the spiritual force called Kundalini, to awaken 
which is one of his principal aims. Moreover, a student 
of spiritual culture cannot be satisfied only with the cultural 
poses. He must very earnestly practise the meditative poses 
as well, because these Asanas reduce the metabolic activity 
of his body to a minimum and thus get the mind freed from 
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all physical disturbances, so that it can be left to itself and 
be brought to a point, making concentration required for 


‘Dharana, Dhyana, and Samadhi possible. To put the whole 


thing in a nutshell, we can say that the cultural poses are 
practised for training the nervous and endocrine systems, 
whereas the meditative poses are undertaken to eliminate 
physiological disturbances from mental activity. 


Having known the results Asanas are expected to yield, 
we proceed to study the interdependence of body and mind. 
The old adage, “sound mind in a sound body”, unmistakably 
teaches the influence the body has upon the mind. The gen- 
eral experience that strong and healthy persons are of quiet 
temperament whereas weak and unhealthy persons are irritable 
in temper, goes to prove that the body profoundly influences 
the mind. Take the case of a patient lying on his sick-bed. 
He can rarely maintain his optimism when his health is rapid- 
ly ebbing. The same person begins to have a brighter outlook 
on life, the moment he begins to recover. It is well known 
that the drink habit can often be traced to the power of al- 
cohol to free the individual from worries, never mind tempo: 
rarily. The powerful influence the nervous system has upon 
the mind can easily be proved by taking into consideration 
the experience of constipated people. When their rectum is 
loaded with hard masses of fecal matter, the nervous system 
is very badly affected and this leads to terrible depression and 
very miserable brain-fag. If in this condition, these persons 
clear their rectum by the use of the enema, they at once ex- 
perience a spirit of exhilaration and their thinking becomes 
as clear as ever. The endocrine glands also have been found 
to influence the mind powerfully. In fact the most enthusi- 
astic section of endocrinologists thinks that they can change 
the very temperament of individuals by treating their ende- 
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.o.. "The influence of the mind on the body can also be prov- 
ed on the strength of an equally convincing evidence. The 
aspect of mind which most powerfully affects the body and 
especially the nervous and endocrine systems is its emotional 
side. In order to understand how we are night and day 
under the influence of emotions, mild or violent, we have 
simply to know what emotions are and how they enter into 


our very being. 


Love, anger, greed, infatuation, elation, hatred, jealousy, 
‘envy, fear, disgust, distress, regret, remorse, despondency, 
despair, confidence, hope, shame, pity, admiration, reverence, 
devotion, gratitude are all emotions.!. Emotions of high inten- 
sity that last only for a short time are called passions. Thus 
the emotion of anger when it becomes violent the affected 
“person flies into the passion of rage. The emotion of disgust 
when intensified develops into the passion of horror. Most of 
us have moods. They are emotions and differ from passions 
because of their longer duration and smaller intensity. When 
a mood becomes so habitual that it becomes a characteristic of 
an individual, it is called temperament. Now although a few 
of us may be free from passions, every one of us has his own 
temperament and moods. Thus none of us is entirely free 
from emotions. Our very being is in the grip of our mind ! 


These emotions are found to affect our body more or less 
profoundly according to the degree of their intensity. Thus if 
_the emotions are violent and sudden they may prove even 





1 It will be readily seen that the first six emotions respectively represent eI, 
-y, ar, WIG, WZ and td, which are said to be the foes of the higher interests of 
man, After studying the present article our readers will see that they are the enemies 
af our physical health also. 

The Bhagavadgifd mentions the first three as destructive forces working against the 
spiritual growth of an individual as they try to drag him to hell. 
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deadly. The famous surgeon Vesalius dropped dead when he 
discovered that the dead body he was dissecting was still 
throbbing with life-blood in the heart. He was so powerfully 
overcome by sorrow. Even pleasing emotions may result in 
death. The death of Sophocles and the niece of Leibnitz are 
cases in point. One of the tragedies of Sophocles was award- 
ed the highest prize. This so much filled him with joy that 
the emotion proved fatal. The niece of Leibnitz discovered a 
large amount of gold under the bed of her dead uncle. A 
terrible emotion of joy seized her and put an end to her life. 
If the effect of joy is identical with that of sorrow, it is because 
in both these cases what really takes effect is the surprise, the 
overwhelming astonishment which is common to both. ~ 


When the emotions are not so powerful, but are less vio- 
lent, they may not lead to death, but they may so affect the 
nervous system that some disease may appear as a consequence. 
Prof. Naunyn states that after the bombardment of Strasburg 
in the year 1870, many cases of diabetes developed in con- 
sequence of the fear and anxiety brought about by it. 


These disturbances of the nervous system lead to the 
degeneration of the ductless glands which are admittedly 
governed by the sympathetic and the vagus. Doctors Lorand, 
Sajous and many others have conclusively proved that the 
soundness of different vegetative functions depends mainly on 
these ductless glands; and that if their internal secretions 
suffer, premature old age and even premature death may follow. 
Thus emotions through the degeneration of the nervous system 


and also of the ductless glands, prove to be a serious disturb. » 


ance to the health of the human body. 


As we already know from the Semi-Scientific Section, the 
most important ductless glands in the body are the thyroid, 
pituitary, adrenals and gonads or the sexual glands. . We shall’, 


see how these several glands are affected. by emotions... y 
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_ ‘The effect of emotions on the adrenals is to produce 
higher blood pressure which favours the development of 
arteriosclerosis and other diseasés of the circulatory system, 


The thyroid is so much affected by mental depression that 
this emotion is mentioned by scientists as one of the causes of 
myxedema. This gland is one of the most powerful agencies 
set up by Nature to protect the body against poisons. A 
degenerated thyroid means disease and even premature old age. 
So’ serious is the effect of continued mental depression upon 
the human body. 

The pituitary is also affected by emotions. Prof, Pel and 
others have noted cases of acromegaly after violent emotions. 
Dr. Sajous has often pointed out this gland as the central organ 


>. upon which all stronger emotions react. 


Sexual glands are also powerfully influenced by emotions. 
Cases are often noted where menstruation has suddenly appear- 
ed after violent mental shocks. In the case of males mental 
emotions result at times in impotence. 


In the previous paragraphs we have referred to the effects 
of violent emotions upon the human botly. Emotions that are 
less violent, although they do not immediately show any serious 
disturbances, surely have an injurious effect upon the different’ 
systems of the human organism. 


Up to now only the adverse effects of emotions have been 
discussed. This should not mean that all emotions are injuri- 
ous. There are particular emotions which exercise a healthy 
influence upon the nervous system, Hope and confidence 
which invariably enable a man to maintain an optimistic frame 
of mind, always promote the health of the nerves. Joy and 
happinéss kept within proper limits are of great-help in build- 
ing a healthy nervous system. Devotion to the Lord or in fact’ ' 
‘télany principle of life that ensures mental peace, enables a 
person to maintain healthy and stable nerves. 
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We. believe the evidence that we have put forth up to 
now is sufficient to establish the interdependence of body and 
mind. Both of them affect each other favourably as well as 
adversely. But if we probe the question of this interdepend- 
ence a little deeper, we find that the mind has the strength to 
rise superior to all the influences of the body. To verify the 
truth of this statement we have simply to study the lives of the 
heroes of different nations who had to undergo terrible physical 
sufferings in order to serve their motherland. Their iron will 
not only knew no bending but it ever grew stronger and 
stronger as they were forced to face physical tortures, We 
read the glorious history of religious martyrs who did not in the 
least swerve from their convictions even when their bodies 
were actually being burnt to ashes ! 


On the contrary we find the strongest bodies being para- 
lysed, if the man is overcome by fear. The healthiest consti-~ 
tutions are shattered under the baneful influence of worries. 
Physical giants actually totter when ina fit of rage and are not 
able to effectively use their strength. We personally know two 
youths turned impotent in a moment because of an imaginary 
misgiving ! 

This should convince us beyond any shadow of doubt that” 
even when there is interdependence between body and mind, 


the influence of the mind on the body is far more profound 
than the influence of the body on the mind. 


Reverting to the practice of Yogic poses, as we have read 
from time to time in the pages of this journal, these poses are 
bodily practices calculated to bring about particular physiolog- 
ical results. Now knowing as we clo the profound influence of 
the mind on the body, can we think of ‘training our body 
without undertaking the training of our mind? Can we ever 


hope to build a healthy thyroid or powerful sexual glands by e Be 


means of Sarvafigasana, if we allow our ming, ae run riot in 
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the body and permit ourselves to be visited by terrific sexual 
storms shattering the tissues of the endocrine structures? Can 
G+ -shasana ever give us mental peace and vigour, if we suffer 
the canker of worries to eat into the very cells of our brain? 
We are sure our readers will answer these questions emphat- 
ically in the negative, because we believe that they stand con- 
vinced by now that physical training will never give the desir- 
ed results unless and until it is backed up by mental training. 
So the two trainings must go hand in hand or, to put the 
matter more accurately, mental training should be given pre- 
cedence to physical training. 


This is exactly why Yoga-Sastra has placed Yamas and 
Niyamas as the first anc second items of Yogic curriculum and 


pes — has assigned Asanas the third place. Yamas and Niyamas put 


together constitute ten principles of conduct which, if followed 
faithfully, invariably give supreme mental peace to a student of 
Yoga. He is freed from all violent emotions. His adamant- 
ine faith in the Lord develops in him a robust optimism. He 
maintains a clear conscience and can carry the sunshine of 
happiness wherever he goes. In short he is able to ensure 
perfect health for his mind. 


It is to be frankly admitted that perfection in the practice 
of Yamas and Niyamas is extremely difficult of attainment. 
Not even one in a million can make even a near approach to 
this perfection. But the incalculable value of Yamas and 
Niyamas lies in their capacity to bestow mental health even on 
those who sincerely try to make a humble beginning. Of 
course the degree of health will vary according to the degree of 
sincerity and the degree of success achieved. But even the 
meanest success will never fail to bring its heavenly blessings 
to the aspiring individual. So what is required as a prepara- 
tion for Asanas is only a determined effort to practise Yamas 
~ and Niyamas with a view to develop a healthy mind. 


228 : : 


wi 
NO, 3 PREPARING ONESELF FOR ASANAS 


We do not want our readers to carry the impression that 
the practice of Asanas cannot be started unless and until one 
achieves a certain degree of success in the observance of Yamas 
and Niyamas. In fact the two practices may start at one and 
the same time. What we want to impress upon our readers 
is the utmost necessity of putting into practice Yamas and 
Niyamas, if Asanas are to be made to yield the best results. 


Here some of our readers who look to Yoga from the 
point of view of physical culture only, may put forth the follow- 
ing argument. If the rigorous mental hygiene of Yamas and 
Niyamas is absolutely necessary for a successful practice of 
Asanas even asa system of physical culture, these Asanas stand 
at a tremendous disadvantage when compared with other sys- 
tems of physical culture which do not require any mental 
discipline. Such an argument is unsound for the following 
reasons. 


(1) It has already been pointed out that the only thing 
required of a student of Asanas is a determined attempt to 
practise Yamas and Niyamas. None should be alarmed at the 
names of Yamas and Niyamas. Expressed in the ordinary 
language their practice on a humble scale means nothing more 
than moderation in every habit of ours with a living faith! in 
our Maker. 


(2) Unluckily it is a fact that the advocates of other 
systems of physical culture do not insist upon mental culture 
to go on side by side. But this does not mean that these 
systems can ensure physical health in spite of mental disadvan- 
tages. The interdependence of body and mind is a scientific 
fact common to all individuals whether they practise Yogic or 
some other system of physical culture. We are sure that the 
results of other systems would be far more encouraging if they 


enh a a 
1 This should not be interpreted to mean that atheists cannot take to the practice 


of Yogic poses. We, however, cerlainly want to aay that all other things Deine" es il a 
genuine theist can practise Asanas with greater efficacy than an. we 


sat 


on 
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also required their followers to practise mental hygiene simul- 
taneously with the physical exercises. 


Thus we see that the observance of Yamas and Niyamas 
is the most essential preparation for the the practice of Asanas. 


Some hints to the students of Yogic culture have been 
given in the Miscellaneous Section. These hints when read in 
conjunction with those given on pp. 287-92 of Vol. II re- 
present the irreducible minimum of Yamas and Niyamas. 


We shall close this article with a few words of advice to 
the students of meditative poses. 


' Meditative poses are of the highest value to a student of 
spiritual culture. They establish in the body such physio- 


_logical conditions, that the mind ceases to be disturbed by any 
_ stimuli received from the body. In fact the body stops enter- 


ly after a continued practice of one of these poses for a 


ling into consciousness altogether. All this becomes possible 
ey of at least six months. One or even two hours must be 


_ detyotedly given to some one of the meditative poses almost 


withhout a break. If this is done, appreciable results will follow 
in Six months and the mind will be left to itself without any 
interference from the body. 


It must be, however, borne in mind that all this physio- 


‘logical advantage will not help a spiritual culturist in a sub- 


stantial degree in concentrating his mind, if he does not scru- 
pulously and zealously take to the observance of Yamas and 
Niyamas. Meditative poses will, indeed, free the mind from 
physical disturbances, but its wandering propensities will 
never stop and it can never be brought to a point unless it be- 
comes free from emotions mild or intense. Soin the case of 
spiritual culturists, the practice of Yamas and Niyamas on the 


| largest possible scale is an absolute necessity. This is the one 


preparation without which it is impossible for him to make 
any headway in concentration. 
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We shall now refer to two minor preparations for the 
meditative poses and finish. A student of meditative poses 
should fix up for his work a place from which he can. exclude 
all disturbing factors. In his case the need for utmost con- 
centration is extreme. Hence it is desirable that he chooses a 
thoroughly ventilated room which is free from mosquitoes ete,, 
and where he would be left to himself. Even the possibility 
of being disturbed comes in the way of perfect concentration. 
If he could reserve a room for this work and build up a 
spiritual atmosphere there, it will help him a good deal in 
his work. 


So far as his seat is concerned, the traditional arrange- 
ment of seating is excellent. A carpet of KuSa! grass, with a 
well tanned deer-hide? spread on it, the hide in its turn being 
covered with a daily washed piece of thick khaddar, makes a 
very comfortable seat. The pleasures of such a seat are the 
peculiar privilege of those god-intoxicated aspiring souls who 
seek salvation through Yoga. The thrilling spiritual experi- 
ences that this seat affords to the student from day to day, 
make it more attractive to him than even the throne of an 
emperor ! 


2 ———— ‘ 
1 Inthe absence of Kus'a grass carpet, any other grass carpet willdo.: —- 
2 Those that may have a conscientious objection to the use ofa. Bip: shoal pone 


use of a thick woollen clath folded over several times. a eae 
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.¢{$CIENTIFIC SURVEY! OF CULTURAL? POSES 
As stated in the previous article, Asanas form the third 
item of the Yogic curriculum. These Asanas can be divided 
irtto two groups, namely, meditative and cultural. The aim of 
the cultural poses is to produce physiological balance in the 
different systems working in the human body, so that it can 
possess the best organic vigour. They are specially intended 
to take particular care of the spinal column, and through it 
and also through other parts of the body to train the spinal 
cord and the brain, so that both of them can sustain the inter- 
action of the spiritual force of Kundalini when the same is 
awakened with advanced Yogic practices. These cultural 
Asanas involve different physical movements before the final 
pose is assumed, and the final arrangement of the various parts 
of the body, being essentially of an out-of-the-way fashion, 
renders meditation difficult, if not impossible. Sirshdsana, 
Sarvafigisana, Haldsana and others included in the Course 
of Yogic Physical Culture (vide Vol. Il, p. 286), fall under 
this category. The aim of the meditative poses is to offer a 
comfortable posture for Pranayama, Pratyahara, Dharana etc., 
and in co-ordination with other Yogic exercises to help the 
student of Yoga in the awakening of Kundalini. These 
meditative poses are such as can be maintained for hours 
without much discomfort. They do not involve in their tech- 
nique any out-of-the-way movements of the body, and are in 
their final stage some variety of ordinary sitting, with a few 





1 This survey of the field of Asanas is by no means complete. We have mapped 
out only the most important landmarks, For exhaustive information on some of the 
points touched in this article we refer our readers to the article on the ‘Rationale of Yogic 
Poses’ in Foga-Mimdrisd, Vols. M and II, 

Although the subject matter of the present article and the article on the ‘Rationale 
of Yogic Poses’ is the same, the method of treating the subject is different in the two 
articles, Hence this new article has been included here, 


32 For a scientific survey of the meditative poses refer to our article ‘Some Physio- 
logical Aspects of Meditative Poses’, Vide Vol. II, pp. 245-50, 
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changes introduced to make the pose more useful for the pur- 
poses of meditation. Up to now we have studied four medita- 
tive poses—Padmal, Siddha*, Svastika3 and Sama‘. In the 
present article we wish to pass under rapid survey all the cul- 
tural poses? so far described in this journal, and try to see 
whether there is any scientific justification for claiming for 
them the results that they are declared to bring about. 


As stated in the foregoing paragraph cultural poses are 
claimed to produce two results— 

(i) Giving best organic vigour to the whole body. 

(ii) Training the spinal cord and the brain for the inter- 
action of Kundalini. 


Let us proceed to examine the first claim. As can be 
seen from the Semi-Scientific Section, all organs of the human: 
body are made of tissues. If these tissues could be kept in 
perfect health, the human body becomes capable of showing 
the best organic vigour. Now if we study the conditions 
necessary for maintaining the health of the different tissues of 
the human body and if we find that the cultural poses are 
capable of bringing about those conditions, we can come to 
the conclusion that these poses can claim to yield the best 
organic vigour. Let us, therefore, briefly study the conditions 
which ensure the health of the tissues. 


According to the science of physiology, three conditions 
may be considered to be of vital importance for maintaining 


the health of the tissues, namely, (i) constant supply of proper 
nourishment and of the internal secretions of the endocrine 


1 Vide Vol. IT, p. 225. 2 Vide Vol, II, p. 227. 

3. Vide Vol. IIL, p, 253. 4 Vide Vol, ILL, p. 256. 

5 In this survey we are going to take into account four additional exercises, 
namely, Uddiyana, Nauli, Viparita-Karant and Yoga-Mudra, although these exercises 
cannot be called Asanas technically. In fact the present article is a scientific study OF ae 
all Yogic exercises of physical value that have appeared in rogeatang st ety ane * at e, 
breathing exercises have been excluded, ee ; 
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glands, ( ii) effective removal of waste products, and (iz) healthy 
functioning of the nerve connections. Now the elements of 
nourishment required by the tissues consist of proteins, fats, 
sugars, salts, and oxygen. They are all carried to the tissues 
by the blood. The first four elements are derived from the 
food and drink a man takes; and their supply is dependent 
not only upon the quantity and quality of food and drink 
taken by the man, but also upon the power of digestion and 
absorption of his digestive system. So we see that the digestive 
and the circulatory systems must be kept in an efficient con- 
dition, if the tissues are to be fed properly with proteins, fats, 
sugars and salts. We have, therefore, first to examine the 
efficacy of Asanas in maintaining the efficiency of these two 


systems. 


_' Taking the digestive system into consideration first, we 
find that the principal organs responsible for digestion are the 
stomach, the small intestine, the pancreas and the liver. All of 
them are situated in the abdominal cavity which is supported 
by the pelvis from below and by very strong muscles on all the 
other sides. Nature has made ample provision for maintain- 
ing the health of the digestive organs by arranging for an 
automatic and gentle massage of these organs for all the 
twenty-four hours of the day. To understand how this mass- 
age is carried out, one has to observe the abdominal move- 
ments of a man in normal respiration. With every exhalation 
the front abdominal muscles are contracted and they push 
all the abdominal viscera including the organs of digestion 
inwards and upwards. In doing this they gently massage 
these abdominal viscera. Again at the time.of inhalation the 
diaphragm presses the abdominal viscera downward and for- 
ward ; and the relaxing abdominal muscles while being driven 
forward by the pressing viscera, again give them a gentle 
massage. In this way something like fourteen to eighteen 
times every minute the digestive organs are being massaged by 
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the abdominal muscles gently and automatically. This gentle 
and automatic massage is the. most important ‘provision made 
by Nature for keeping the digestive organs healthy. Now it 
is obvious that this automatic massage can be most effectively 
given only if the abdominal muscles are strong and elastic, 
But if they are weak, they cannot massage the abdominal 
organs properly, and indigestion is the result. In people 
suffering from dyspepsia, these abdominal muscles are found 
to be too rigid or too weak. Hence if perfect digestion is to 
be secured, the abdominal muscles must be kept strong and 
elastic. Do the Yogic poses make any provision for preserv- 
ing the strength and elasticity of the abdominal muscles ? Yes, 
they do, The Yogic poses not only keep the abdominal mus- 
cles strong ‘and elastic, thus ensuring an effective automatic 
massage of the digestive organs, but they also make a special 
provision for giving a forced and vigorous internal massage to 
the abdominal organs with such a degree of efficiency as 1s 
hardly to be met with in any other system of health culture. ' 


It is an admitted scientific fact that muscles can maintain 
their strength and elasticity, if they are subjected to stretch- 
ing and contracting exercises. Bhujafigasana, Salabhdsana 
and Dhanurasana are fine stretching exercises for the front 
abdominal muscles, and serve as contracting exercises for the 
back muscles. Yoga-Mudra, Paschimatana and Halasana re- 
quire vigorous contraction of the front abdominal muscles and 
put the back muscles on a very healthy stretch. What these 
six poses do for the front and back muscles of the abdomen, is 
done by Ardha-Matsyendrasana for the side abdominal muscles, 
Salabhasana very vigorously exercises the diaphragm. Thus 
it will be clear that Asanas can give an efficient exercise to all 
the abdominal muscles and enabJe them to carry out the auto. 
matic massage of the viscera very effectively, 


. | However, when we take into consideration Uddiyana, and , 
Nauli, we see the real beauty of the PES Sa: Sama Uddi. 
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“yan gives a vertical massage to the abdominal organs. One 
¢an see with his own eyes the abdominal viscera slipping up 
and down behind the front abdominal muscles and thus getting 
themselves massaged vertically. Nauli gives a lateral massage 
to the abdominal organs. The two contracted recti roll from 
side to side across the whole expanse of the abdomen several 
times a minute, giving all the viscera lying behind them a 
massage the efficacy of which is simply surprising. No im- 
partial student of the different systems of health culture can 
resist the conclusion that Uddiyana and Nauli have no parallel 
in any other system and that the Yogic seers have taken the 
best care of the abdominal muscles. 


The strength of the abdominal muscles is useful not only 
in giving massage to the viscera, but it is also of a singular 
importance in keeping the abdominal organs in their proper 
places. These organs are either loosely hanging in the cavity 
of the abdomen or are feébly attached to its back wall. Thus 
they require a very strong support from the front. Otherwise 
they become displaced downwards and lead to various dis- 
orders, and to dyspepsia and constipation in particular.. Now 
this front support is offered by the front abdominal muscles 
and its strength is proportionate to the strength of these 
muscles. By keeping the front abdominal muscles strong and 
elastic, Yogic poses not only ‘give an automatic massage to the 
abdominal organs, but they hold all the abdominal viscera in 
their proper places and thus ensure proper digestion and ab- 
sorption. When this is done, the part to be played by the 
digestive system in supplying the tissues all over the body 
with proteins, fats, salts and sugars is satisfactorily discharged. 


The other system vitally connected with the supply of 
nourishment to the tissues is the circulatory system, because 
the work of carrying nutrition to the different tissues is done 
by the blood circulating through the human body. The circu- 
Jatory system consists of the organs responsible for the. circu- 
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lation of the blood,’ namely, the heart, the arteries, the veins 
and the capillaries. Let us now examine the help Yogic poses 
render to this circulatory system. 


The most important organ of blood circulation is the 
heart, because it is the contraction and relaxation of the heart 
that circulates the blood throughout the human body. The 
heart is made of the strongest muscular stuff, but it can always 
be ‘made healthier by means of proper Yogic exercises, Uddi- 
yana and Nauli raise! the diaphragm so high that they give a 
very good massage from below to the perpetually working 
heart. Again one of the ways of promoting the health of a 
muscle is to subject it to an alternate increase and decrease of 
pressure. The heart muscle is situated in the mediastinal 
cavity. Hence any increase or decrease of pressure in this 
cavity is shared by the heart. Now in Uddiydna? and Nauli? 
the heart is alternately subjected to a decrease of pressure and 
thus gets an opportunity for building a healthier muscle, 
Again Bhujafigsana, Salabhasana and Dhanurdsana alternately 
exert an increased pressure on the heart and the same thing is 
done by the first parts of Sarvifigisana, Viparita Karani and 
Haldsana. This alternate increase and decrease of pressure 
brought about by the different Asanas promote the health of the 
heart and thus add to the efficiency of the circulatory system. 


Out of all the organs of blood circulation the veins are 
the weakest, and yet they have to collect the blood from nearly 
the whole of the human body and raise it to the heart 
against the force of gravity. Itis this uphill task that puts a 
very heavy strain on the weak structure of the veins and is 
responsible for such troubles as varicose veins. It is, there- 
fore, the veins that stand in greater need of external help for 





; a | For studying the a of the diaphragm in ae and Nauli, vide Youa- 


Mima nsd, Fol, Fil, 


“ 2 For pressure changes in the thorax’ dnring different Yogic ek, vide Yora- a 
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preserving their health than any other part of the circulatory 
system. Yogic seers have found out a very easy way of help- 
ing these veins. They have invented Sirshasana, Sarvafiga- 
sana and Viparita Karani in which because of the upside- 
down position of the human body, the veins are enabled to 
drain themselves into the heart without the least exertion on 
their part. The veins are very substantially relieved from the 
pressure of the blood flowing through them. The result is 
wonderful. The short relief that the veins get because of 
these Asanas is so effective in preserving and even recovering 
the health of the veins, that patients suffering from varicose 
veins can get over their trouble by practising these Asanas for 
a few minutes every day. In this way the veins being helped 
to better health and the heart being rendered healthier for the 
massage, the whole circulatory system satisfactorily performs 
its function of carrying proteins, fats, sugars and salts to all the 
tissues constituting the different parts of the human body. | 


The fifth élement of nourishment is oxygen. Like the 
other four elements of nourishment this element is also carried 
to the tissues by the circulatory system. And as we have seen 
that the practice of Asanas keeps the. circulatory system 
healthy, we feel convinced that there would be no difficulty 
in feeding the tissues with oxygen, once it is taken up by the 
blood in the necessary quantity. Proteins, fats, sugars and 
salts are taken by the blood current from the digestive system. 
Oxygen is, however, taken from the respiratory system. We 
have, therefore, to see whether Asanas can keep even the 
respiratory system in an efficient condition. | 


As has been stated in the Semi-Scientific Section, the prin- 
cipal organ of respiration is the lungs. Satisfactory breathing 
activity does not, however, depend only upon the health of the 
lungs. Respiratory muscles play a very important part in this 
activity. They must be strong and healthy. Again the pass- 
age through which the lungs draw fresh air from the atmos. 


238 


a 


~~ 


NO. 3. SCIENTIFIC SURVEY OF CULTURAL POSES 


phere, must be clear, so that the full breathing capacity of the 
lungs may be utilized in providing the system with oxygen, 
Thus we see that three conditions should be satished before 
the circulatory system gets the required amount of oxygen: 
(i) The lungs must be healthy. (ii) The respiratory muscles 
must be strong. (iii) The respiratory passage must be clear, 
Let us see whether the practice of Asanas can satisfy all these 
conditions in the case of a student of Yoga. : 


_ Broadly speaking the health of the lungs depends upon 
the degree of their elasticity and upon the activity of the air- 
cells that go to compose them. If the lungs remain fully 
elastic and no air-cell in them remains idle, the health of the 
lungs can be taken to be ensured. Do the Asanas render the 
lung tissue elastic and get every air-cell to take an active part 
in breathing ? Yes, they do. The two Asanas Salabha and 
Mayfira have very great efficacy in this direction. Salabha- 
sana requires deep inhalation and retention of breath for a few 
seconds at least under a high pulmonic pressure. This high 


pressure forces air into every cell of the lungs and opens it out 


for active work. A few turns in Salabhasana taken every day 


would allow no air-cell to remain idle even in ordinary respira- 


tion, because once an air-cell is made habitually to take part 
in respiration, it does not easily lapse into inactivity whether 


the pressure is low or high. What is true of Salabhasana; is 


also true of Maytrasana, as will be clear from the technique 
of the two poses given in the first volume of this journal. 
The difference between Salabhasana and Mayitrasana in this 
regard is as follows. In the former Kumbhaka is absolutely 
necessary whereas in the latter it is optional. The option of 


Kumbhaka in the practice of Mayfirasana is due to the fact that. 
a practised student of Yoga can balance himself in Mayfrasana. _ 
even without retaining his breath. Thus we see that Salabha- % oy 
sana and Mayfrasana are quite capable of bringing every 
air-cell into its normal activity. Again Salabhdsana is equally 
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figefal in keeping the lung tissue fully elastic. As every medical 
tian knows that an elastic tissue retains its complete elasticity 
if it is fully stretched at least a few times every day. As 
Salabhasana requires deep inspiration and retention of breath, 
during the practice of this Asana, lungs are stretched out to 
their fullest extent. If Salabhdsana is repeated three to seven 
times daily, the exercise will be quite sufficient for keeping the 
lungs fully elastic. . Thus it is evident that complete elasticity 
of the lung tissues and full activity of their air-cells, can be 
secured by means of Asanas and that the health of the lungs 
can be satisfactorily maintained by a student of Yogic poses. 


Regarding the second condition—the strength of the res- 
piratory muscles—deep inspiration required in Salabhasana and 
the deep expiration necessary in Uddiyana and Nauli, build 
powerful respiratory muscles, thus satisfactorily fulfilling the 
second condition upon which adequate supply of oxygen to the 
circulatory system depends, | ! 

~~ Next we turn to the third condition—clearness of the 
respiratory passage. This passage at times becomes obstructed 
because of inflamed tonsils, adenoids, polypus, chronic nasal 
catarrh and deviated septum. Can the practice of Asanas keep 
these obstructions away ? Asanas can surely deal with tonsils 
and in many cases even with chronic nasal catarrh. But 
against the other forms of obstructions Asanas are powerless. 
Sarvafigasana, Viparita Karani, Matsyasana, Jihva-Bandha 
and Sirhha-Mudra! have been found very much useful in treat- 


ing cases of tonsilitis. Chronic nasal catarrh also very often? 


yields to these exercises. So if we exclude the few cases of 
adenoids, polypus and seriously deviated septum, we find Asanas 
are quite capable of keeping the respiratory passage clear. 





Al The arrangement of the jaws and the tongue as in Simbasana (vide Vol, III, 
p. 129), is called Simba-Mudra or the Symbol of Lion. , 
"2 Nasal catarrh can be successfully treated by means of the different types of Neti 
and breathing exercises taught in Yoga, 
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Summing up our discussion about the three conditions 
upon the fulfilment of which depends the adequate supply of 
oxygen through the respiratory system, we see that Yogic 
poses do satisfy these conditions. Again, as has already been 
proved, these poses ensure the health of the circulatory system 
which carries this oxygen to the tissues. That means every- 
thing necessary for an adequate supply of proteins, fats, salts, 
sugars and oxygen to the tissues is done by the Asanas for a 
student of Yoga. 


As stated in the beginning of this article, the health of 
the tissues depends upon the adequate supply not only of these 
five elements of nourishment but also of the internal secretions 
of the endocrine glands. We have, therefore, to examine the 
efficacy of Asanas in preserving the health of these endocrine 
structures. The thyroid, the pituitary, the pineal, the testes 
in the case of males and the ovaries in the case of females, may 
be looked upon as the most important of the various endocrine 
glands in the human body. Deficiency of secretion of any of 
these glands has been found to lead to serious consequences. 
Can Asanas keep these endocrine glands healthy ? The answer 
is surely in the affirmative. Sarvafigasana, Viparita Karani, 
Matsyasana, Jihva-Bandha and Sithha-Mudra have been 
found to be excellent exercises for the thyroid. The pituitary 
and the pineal glands are best taken care of by Sirshasana. 
For making the testes and the ovaries healthy Sarvafigasana, 
Uddiyana and Nauli have been observed to have great efficacy. 
Thus it will be seen that the practice of Asanas can ensure the 
health of the most important endocrine glands and they can 
be made to supply the necessary secretions to the tissues. ~ 


This rapid survey of the physiological effects of Asanas 


proves beyond all doubt that they amply satisfy-the first a 
condition upon which the health of the tissues.depends, name- 
ly, a constant supply of proper niiriigeand: dior internal: veciibie ) 


tions of the endocrine glands. =~ 4.0, tate 
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«+. . The second condition which needs be satisfied for main- 
taining the health of the tissues, is the effective removal of the 
waste products. Let us now study what these waste products 

are and whether Asanas help the human body in sida 
throwing them out. 


The following may be stated to be the waste products. 
Carbon dioxide, uric acid, urea, bile, urine containing uric acid 
and urea, and the fecal matter containing bile along with un- 
digested and indigestible matter from the foodstuffs. These 
waste products are poisonous and if allowed to linger in the 
body unnecessarily, lead to serious disorders. It is, therefore, 
of utmost importance for the health of the tissues that they are 
properly excreted from the human body. Out of the different 
waste products, carbon dioxide is eliminated by the respiratory 
system, the urine containing uric acid and urea is discharged by 

- the urinary system and the fzcal matter containing bile along 
with the refuse of the foodstuffs, is excreted by the digestive 
system. It is, therefore, evident that the waste products can 
be effectively removed from the body only if the three systems, 
namely, the respiratory, the urinary and the digestive, are able 
to function quite satisfactorily. While studying the question 
of nutrition, we have seen that the Yogic poses coupled with 
Uddiyana and Nauli, can keep the respiratory and the digestive 
systems in the most efficient condition. We find that Asanas 
can take equal care of the urinary system. As stated in the 
Semi-Scientific Seclion, this system consists of the kidneys, the 
ureters, the bladder, and the urethra. Out of these the organ 
which really excretes urine is the kidneys, while others merely 
afford a sort of passage for the urine to leave the body. Now 
these kidneys are situated in the abdomen and we have seen 
that-some of the Asanas are very fine abdominal exercises. 
-When these Asanas are supplemented by the exercises of 
-Uddiyana and Nauli, the degree of their efficacy becomes re- 
markably high, and they are found to be quite competent to 
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preserve the health of the kidneys. This being done the body 
is enabled satisfactorily to get rid of urine along with uric acid 
and urea which two substances the urine holds in solution. 


In this way Asanas have been found to satisfy the second 
physiological condition upon which the health of the tissues 
depends, namely, the effective removal of waste products. 


Now we come to the study of the third and the last con- 
dition, It requires healthy functioning of nerve connections, 
Let us first understand what is meant by the expression 
‘healthy functioning of nerve connections’, and then we shall 
try to see whether Asanas can bring it about. 


The most important part of the nervous system is the 
brain. Next to it is the spinal cord, and the two cords of the 
sympathetic. From the brain and from the spinal cord 
different nerves start and branching off several times, spread 
themselves to all the parts of the human body. The network 
of nerves thus prepared is so complete that there is not a 
single tissue in the human body that has not got its own’nerve 
connection. It is mainly because of their nerve connections 
that the tissues are able to perform their work. If thesé nerve 
connections degenerate, the function of the tissues also degen- 
erates and if the’nerve connections are completely déstroyed, 


the tissues do not function at all. Thus if the nerves ‘supply: - 


ing the colon degenerate, the tissues of the colon will not work 
and constipation will be the result. If one of the facial nerves 
is cut off, or becomes paralysed, the- muscles of the ‘chéek 
supplied by that nerve, will not contract, but will remain per- 
petually in a relaxed condition, thus allowing the muscles’ of. 
the other cheek to pull-the face towards themselves, giving it 
the typical appearance presented by the patients of facial», 
paralysis. Thus we see that the tissues of the. ypman. body 
will remain healthy and. active orily if the. nerves’ ‘connected - i 
with them are inja healthy conden. ‘Hence. the third .con- 
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dition required for the health of the tissues, is the satisfactory 
functioning of their nerve connections. 


- Can Asanas keep the nervous mechanism of the whole 
body in an efficient condition? Yes, they can. Sirshdsana 
and Viparita Karani by sending a richer blood supply to the 
brain, ensure its health and also the health of the cranial 
nerves supplying the different organs of senses. All the Yogic 
poses are excellent spinal exercises. By giving the spine for- 
ward and backward bents and also the right and left twists, 
Asanas ensure perfect elasticity for it and lead to the health of 
the spinal cord which is held within the spinal column and 
also to the health of the two cords of the sympathetic, which 
lie imbedded in the muscles roundabout the spine. Uddiyana 
and Nauli operating through the diaphragm are of special 
value in promoting the health of the spinal cord and also of the 

‘sympathetic cords. As for the nerves issuing from the brain 
and the spinal cord, they are situated for the most part in the 
chest and the abdomen. As already noticed Asanas, along with 
Uddiyana and Nauli, provide excellent exercises for both these 
parts of the human trunk and thus promote the health of the 
nerves lying within them. Salabhasana, Ardha-Salabhasana 
and the first parts of Sarvafigasana and Viparita Karani take 
care of the nerves of the lower extremities, whereas the part 
played by the upper extremities, in the technique of Salabha- 
sana, Mayiirasana, Sarvafigasana, Viparita Karani etc., pre- 
serves the health of the nerves supplying them. Thus Asanas 
are found capable of preserving the health not only of the 

brain and the spinal and sympathetic cords, but also of all the 
cranial and spinal nerves spreading throughout the body. 


In this way our readers must have seen that all the three 
physiological conditions necessary for the health of the tissues 
can be thoroughly satisfied by the practice of Asanas. Con- 
stant supply of proper nutrition and the internal secretions of 
the endocrine glands can be made available to the tissues all 
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over the human body, waste products of all sorts can be effec- 


tively thrown out of the system, and all the nerve connections 
can be kept healthily functioning. All these conditions being 
satisfactorily fulfilled every tissue in the body is rendered 
healthy, yielding the maximum vigour to the whole organism 
of which itis capable. As the different systems working in 
the human body are made of these tissues, every system dis- 
charges its function quite efficiently, thus producing a perfect 
physiological harmony which ensures health and which yields 
the highest organic vigour. 


In the last but one paragraph we have seen how Asanas 
are peculiarly capable of training the spinal cord and the brain, 
These are the most important parts of the nervous system, and 
the spiritual force of Kundalini when awakened works through 
them. If the brain or the spinal cord are not in a healthy con- 
dition and do not possess the strength necessary for sustaining 
the interaction of Kundalini, a student of Yoga very often has 
to pass through a variety of troubles. Hence the extreme de- 
sirability of educating the brain and the spinal cord in the case 
of people who want to develop themselves spiritually through 
Yogic practices. That is why the training given through the 
cultural poses both to the brain and the spinal. cord, is of 
special. value to a spiritual culturist. Even individuals who 
look to Yoga only for their physical health, the training of the 
brain and the spinal cord has a special significance. As stated 
in the Semi-Scientific Section, all the systems working .in the 
human body are controlled by the nervous system. And as the 
brain and the spinal cord are the most important parts of the 
nervous system and as upon their health depends the health 
and satisfactory functioning of the other parts of that system, 
the education of the brain and the spinal cord is as much és- 
sential to a student of health culture as to a spiritual culturist. 


We cannot close this survey of the cultural poses: before 
saying a word about the skeletal muscles. Not otily all the © 
physical activities of an individual but algo his ‘very. health : 
depends apo these skeletal muscles. Af the, hands and legs 
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havé no muscles or have defective muscles, no physical work 
willbecome possible. Again if the muscles of the chest and the 
abdomen degenerate, man would become a prey to various ills, 
Weak abdominal and pelvic muscles in the females are often 
responsible for the alarmingly large infant mortality and the 
suirprisingly large number of miscarriages in India. This 
will clearly show the importance of the skeletal muscles. Do 
Asanas educate these skeletal muscles? The answer is both in 
thé affirmative and in the negative. So far as the thoracic and 
abdominal muscles are concerned, Yogic poses do train’ them 
quite satisfactorily. Hence a habitual student of Yogic poses 
will havé no difficulty either in respiration or in digestion; 
and if sheis a female, she can be sure of healthy pregnancy 
and safe delivery. But the Yogic poses are not calculated to 
develop strong muscles for the arms or the legs. In the Yogic 
poses, there-is ample provision of exercises that would preserve 
and promote the heqlth of the muscles of the upper and lower 
extrettities; but so” far as strength is concerned, there is no 
special provision for it in Yogic Physical Culture. ‘People 
whose profession requires muscular arms and legs must look to 
some other! system for training the muscles of these parts. It 
must, however, be borne in mind that the ordinary muscular 
needs of a civil life are entirely satisfied by the Yogic poses, 
whatever part of the human body the muscles may belong to. 


This short scientific survey of cultural poses when read 
along with the scientific study of the meditative poses? drives 
us irresistibly to the conclusion that the advantages claimed for 
Asanas are fully justified, and that no man wishing to develop 
his body,. mind, and soul by taking to the practice of only 
one system of exercises, can afford to overlook Yogic Asanas, 





1. The dynamic form-which we have given to the Yogic exercises.and which has 
snow been introduced by the U. P. Government in their educational institutions, is free 


\_ ¥fonrthe shortcoming that is pointed out in these lines. Hence people who are keen on 
"having muscular arms and legs, should take to this dynamic form of Yogic exercises, 


A text-book of these exercises has = been edited ss will be soon in the hands of 
an public, . : 
"J. Mide Val, IIL, ppy 245-50... es ky 4 
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_ CULTURAL AND THERAPEUTICAL 
; ADVANTAGES OF ASANAS 


StH ASANA OR THE TOPSYTURVY POSE 


Cultural Advantages :— ‘ 


All the activities of man, whether mental or physical, are 
governed from the brain. The whole nervous system which 
spreads throughout the body like a network -of wires, is 
directly or indirectly connected with this organ. When a man 
stands on his head he sends a richer supply of the arterial 
blood to the brain and thus maintains the health of not only 
the brain itself, but of the whole nervous system. 


: The’ organs of the sense of. sight, smell, hearing a taste 
depend for their efficient functioning upon the different centres 
situated in the brain. Sirshdsana exercises a very beneficial 
influence upon the health of these centres and preserves the 
efficiency of the sense organs. 


Some of the most important endocrine glands are situated 
above the heart. When a man stands upside-down thesé 
glands are richly supplied with fresh blood and their health is 
promoted. The pirical gland and the pituitary body get thé 


‘greatest advantage. ‘The thyroid and the parathyroids have 


also their share in this advantage; but it is not so large. 


Organs of, digestion are jcaimcegely henafted ities a 
‘Sirshasana. The blood circulation through these organs passes 
to the liver through the portal vein, which in its turn draitis it 
into the inferior vena cava. In the Topsytirvy Posé this ‘por- 
tal citculation of the venous blood is very greatly helped. be- 


cause of the inverted position of the body. it ‘is & genera, 





Shiba rule that an’ V organ which 4 can. 


arteries. The portal cireulatsaatige the. venous lea. Aning 
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satisfactorily established, the organs of digestion get a richer 
supply of the arterial blood, and are made healthier for it. 
Thus it will be seen that Sirshasana beneficially influences the 
health of the nervous system, of the endocrine system, and of 
the digestive system, the last including the organs of excretion. 
As the general well-being of an individual depends upon the 
satisfactorily functioning of the systems mentioned above, Sir- 
shisana isa very great help in maintaining one’s general health 
satisfactorily. 


Therapeutical Advantages :— 


- Under Cultural Advantages we have said that Sirshasana 
favourably influences the nervous, the endocrine and the 
digestive systems. Now if any of these systems go out of 
‘order diseases arise. These diseases, under particular circum- 
‘stances, can be treated with Sirshdsana. 


-NEURASTHENIA— This is a disease developing out of the 
degeneration of nerves. The symptoms which mark this disease 
are lack of energy, a sense of fulness of pressure at the top of 
the head, easy fatigue, dullness, failure of memory, want of 
sleep, dyspepsia and constipation. All these symptoms are 
due to one cause, the degeneration of nerve-centres. Now as 
all the nerve-centres are directly or indirectly connected with 
the brain, these systems can be treated by treating the brain 
by means of Sirshasana: 


__ Dyspepsia & CoNsTIPATION— These two diseases develop 
when the organs of digestion. go out of order, If the digestive 
disorder is due to defective blood circulation or to the 
degenerated nervous mechanism, it can be set right by means 
pt Sirshasana, 
ConcesTeD THroaT— Congestion in the throat, especially 
if. it is due to dyspeptic conditions can be relieved by 


Sitshasana, . ; ; - 
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CONGESTED LIvER & SPLEEN— The liver and the spleen 
very often become congested. This congestion can be relieved 
by establishing free blood circulation in these organs by means 
of Sirshasana. 

VISCEROPTOSIS— Due to the weakness of the abdominal 
muscles and consequent presence of constipation, the abdom- 
inal viscera have a tendency to droop into the pelvic region. 
This disease is known as visceroptosis. The trouble can be 
considerably counteracted by Sirshasana. 

Hernia— This disease can be effectively checked in its 
incipient stage and may be kept under fair control even after 
it has established itself. When Sirshdsana is being practised 
for a cure of hernia, great care must be taken to get the 
technique of the pose modified according to the needs of the 
individual. For this modification expert advice is imperative. 

SEMINAL WEAKNESS— Due to the situation of the seminal 
sacks between the bladder and the rectum, frequently noc- 
turnal discharges take place in the latter part of the night, 
because both the bladder and the rectum happen to be loaded 
during these hours especially in the case of constipated people. 
These discharges can be checked by the practice of Sirshasana, 

Many people suffer from the trouble of premature ejacula« 
tions and also of wet.dreams, because their genitals are con- 
gested with venous blood. When this is the case, Sirshasana 
is found to be of great help. 

AstuMa—Sirshdsana can be taken advantage of in the 
cure of particular types of asthma, especially of the nervous 
and hepatic types. | 


DEVELOPMENTS OF SIRSHASANA ee 
Developments of Sirshasana.cofistitute ‘af-excellent exer- 


cise for the deep and superficial muscles of the back as well 
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as for the muscles of the abdomen. The. developments may 
be retraced ; and when this folding and unfolding is repeated 
several times, all the muscles of the trunk are alternately con- 
tracted and relaxed. 


Therapeutical Advantages :— 
These developments are somewhat strenuous and should 
not be taken advantage of in therapeutical work. 


SARVANGASANA OR THE PAN-PHYSICAL POSE 


Cultural Advantages :-— 

The principal cultural advantage of Sarvafigasana lies in 
the maintenance of a healthy thyroid, As is well-known this 
gland is responsible for the general health of an individual. 
Hence Sarvafigisana is able to maintain the whole human 
organism in a healthy condition by taking care of the thyroid 
gland. 


The difference between Sirshasana and Sarvafigasana lies 
in the position of the head. In both the poses the remaining 
part of the body stands vertical to the ground. Hence the 
cultural advantages that accrue from Sirshasana due to the 
yertical position of the body, are also secured in Sarvafigdsana. 
The Pan-Physical Pose very beneficially influences the sex 
glands both in males and females. 


Therapeutical Advantages :— 

Symptoms of old age due to the faulty functioning of the 
thyroid are counteracted by means of Sarvafigasana. Seminal 
weakness arising from the degeneration of the testes in the 
case of males and sexual disorders arising from the degenera- 
tion of the ovaries in the females can be extensively controlled 
by the practice of Sarvafigdsana. Dyspepsia, constipation, 
hernia, visceroptosis can be treated by Sarvafigisana as well as 
by Sirshdsana, 
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-MATSYASANA OR THE FISH POSE 


Cultural & Therapeutical Advantages :— | 


This pose is to be practised as complementary, to Sar- 
vafigasana. It greatly helps an individual to ensure the bene- 
fits he would get from the practice of Sarvafigasana. 


HALASANA OR THE PLOUGH POSE 


Cultural Advantages :— 


Halasana is one of the finest exercises for keeping the 
spine elastic and the spinal nerves healthy. When we re- 
member that real youth is invariably characterized by an elastic 
spine and old age always renders the spine rigid, we can at 
once understand the cultural value of this exercise. Haldsana 
is also very helpful in developing strong abdominal muscles. 
In developing a healthy thyroid the effect of this Asana is 
inferior only to that of Sarvafigasana. 


Therapeutical Advantages :— 


Halasana is useful in combating dyspepsia and constipa- 
tion, especially when they are due to the degeneration of the 
abdominal muscles or the nervous mechanism of. digestion. 
The pose is available also for reducing the enlarged liver and 
spleen, provided that enlargement is not excessive. In parti- 
cular types of diabetes, this Asana may be practised with ad- 
vantage. Also read See advantages of Bhujafigasana. 


BHUJANGASANA, OR THE COBRA POSE 


Cultural Advantages : — 


The deep muscles of the ce are altermatciy otic 
and relaxed in working out this pose both ways. The exer- 
cised muscles gain in health and keep the spine elastic. Dur- 
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ing their work these muscles induce a liberal blood supply by 
promoting blood circulation which is ordinarily somewhat 
slow in this part of the body. 


This pose has such a good effect upon the deep utes 
that even a single successful attempt at it, relieves an aching 
back, if thé pain is due to overwork. 


The whole spine receives a steady pull anteriorly, every 
vertebra and its ligaments having their share in the work. If 
there be any slight displacement in the spinal column, it is 
adjusted to the normal condition. 


All the thirty-one pairs of the spinal nerves exit through 
the spaces left between every two adjoining vertebra, The 
two gangliated chains of the sympathetic also stand imbedded 
in the muscles situated on the two sides of the spinal column. 
This exercise, by promoting the blood circulation of these 
parts, very favourably influences these nerves and helps them 
in maintaining their health and activity. Bhujafigdsana consi- 
derably influences the development of the abdominal muscles. 


Therapeutical Advantages :— 


Bhujafigisana along with Salabhasana or Ardha-Salabha- 
sana and Dhanurasana may best be practised in combination 
with Halasana, This combination accentuates the results 
expected of the Plough Pose. 


People suffering from flatulence immediately after meals, 
should emphasize Bhujafigasana ; but those that feel flatulent 
some time after the meals, should devote more time to 
Salabhasana or Ardha- eee, Dhanurasana may be 
useful to all such people. Unlike Haldsana these three - or 
four Asanas have no direct influence upon the thyroid. 


( To be continued } 
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SOME HINTS TO YOGIC CULTURISTS 


1 Every man should try to find which food suits him 
the best, irrespective of the dictates of his palate. 

2 Even people who maintain more than average health, 
should restrict themselves to such varieties of food as they 
find agreeable. Every meal should be of a moderate quantity 
which must be well masticated, so that it may become freely 
mixed with the saliva and its digestion may become easier. 

3 People with weak digestion should take to low protein 
diet. They should satisfy themselves with two meals per day 
and preferably even with one, the place of the other meal 
being taken by light refreshment. 

4 Those who suffer from dyspepsia and constipation or 

have some uric acid trouble, will do well to eliminate all sorts 
of pulse. They should also avoid potatoes, brinjals and onions, 
' 5 Water taken half an hour after the meal suits almost 
every constitution. Those that have their digestive capacity 
unimpaired may take water along with their food. 

6 All alcoholic drinks are to be cautiously avoided. 
Stimulants such as tea and coffee are never to be taken in 


excess and may preferably be eliminated altogether. For a 


man that cares for his health, there cannot be a more luxurious 
drink than plain: water. 

7 Heavy smoking of whatever sort vacate shatters the 
nerves, if carried on across many years. Weak nerves, per- 
sistent cough, sore throat etc,, always harass a heavy smoker; 
and may often beset the path even of a light smoker. 

8 All unnatural and illegitimate sexual acts are sinful, 
Excess committed even in natural and legitimate sexual acts 
do not stand upon a different footing. 

9 No sexual intercourse is healthy unless it is under- 
taken as a matter of absolute physiological necessity. 
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KAIVALYADHAMA: BOMBAY BRANCH 
HEALTH CENTRE 


SUMMARY OF THE MEDICAL OFFICER'S REPORT 
1932 


In the year 1932, 561 people took advantage of the 
Health Centre. Out of these 103 took advice of the Director 
for improving their health whereas 458 underwent exercises at 
the Health Centre. Again out of these 458, 195 came as phys- 
ical culturists for improving their health, and 263 took exer- 
cises as patients for getting rid of some chronic disease, 


Most of the physical culturists were benefitted. Out of 
the patients 82°5 per cent. were found to be benefitted by 
the treatment of Yogic exercises. 


The following diseases were treated at the Health Centre : 
Constipation, Dyspepsia, Functional Heart Disease, General 
Debility, Neurasthenia, Asthma, Piles, etc. » 


The ages of people who attended the Health Centre in 
the year under report varied from 9 to 65. 


The patients and physical culturists came from different 
professions, They were clerks, government officers, mer- 
chants, professors, solicitors and even doctors, 


As people are admitted to the Health Centre without any 
distinction of caste or creed, the record does not give any 
definite information on this point. But it is clear from the 
names of the people that the Health Centre was attended by 
Hindus, Parsis, Muslims, Christians and Jews.. 
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DIRECTOR OF PUBLIC INSTRUCTION 
ON 
KAIVALYADHAMA PHYSICAL CULTURE WORK 


for U. P. Government 


“With a view to improving the health and physique of 
school children the Education Department of the United Pro- 
vinces have recently given considerable attention to physical 
training. Amongst indigenous systems one of the most re- 
nowned is the Yogic system of physical culture which Swami 
Kuvalayananda has perfected at his wellknown Ashrama at 
Lonavla near Poona. In order that teachers might have an 
opportunity of acquiring some knowledge of the fundamentals 
of the system taught by Swami Kuvalayananda the Education 
Department invited him in February this year to conduct 
classes for a fortnight at Lucknow. Twenty-eight teachers 
attended the classes. Swami Kuvalayananda also delivered 
two public lectures, one at the Lucknow University and the 
other at the Medical College, Lucknow. The Swami's demon- 
strations and lectures were much appreciated by the students 
under training and aroused much interest amongst education- 
ists, officers of the Public Health and Medical Departments 
and the general public. The Education Department hope 
that as a result of the Swami’s visit to the United Provinces 
selected teachers will be able in their teaching of physical 
exercises to combine what is bestin Western and indigenous 
systems of physical training.” 


-(Sd.) A. H. Mackenzie, 
| OE Be 
Director of Public Instruction, 
10,3,1932. | United Provinces. 
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A TYPICAL LETTER FROM EUROPE 


Harry Dikman, 
Liela iela Nr. 20, Tukum, 
P, O. Tukum. December 21, 1931. 


Latvia—Europe. 


Shrimat Swami Kuvalayananda, 
Director, Kaivalyadhama. 
Bombay—lIndia. 


Dear Swamiji, 


I have succeeded in rousing an interest in our country to 
the Yogic philosophy. Dr. Vestaphal has now acknowledged 
that the Yoga Asanas are the most ideal exercises for the 
spinal column. Dr, Rudsit is deeply interested in Yogic Basti 
and gives lectures to his students on this point. 


Myself and a friend of mine Mr. Vessel, we both can 
perform Basti even without instrumental aid. 


I enclose herewith some photos. In the group photo 
the eldest gentleman is 70 years old, and still practising 
Shirshasana, 


Awaiting good news in return, I remain, 
. Dear Swamiji, 


Yours most obediently, 
(Sd.) H, Dixman, 
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Surely Health is the primary requisite of spiritual life. 
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Editorial Notes 


May the Maker of all make this journal a success. Bless- 
ed is the name of the Lord. May He bless the workers of the 
Agrama with a happy and prosperous career as servants of the 
world which is only the Lord Himself objectified. May He, 
that has created us in His infinite wisdom, lead us to the light 
that is beyond all darkness. 

o + + 


THIs number completes the fourth volume of our journal. 
The principal theme of this volume as of the last has been 
Pranayama, although a lengthy article on Yamas and Niyamas, 
along with very valuable information on Asanas has also ap- 
peared therein. In this volume we have fully described the 
technique of two breathing exercises, namely, Kapalabhati 
and Bhastrikaé. .A large number of experiments regarding 
the pressure changes in and the chemistry of Pranayama have 
appeared in the pages of this volume. The experiments on 
pressure changes clearly indicate the effects of Pranayama on 
blood circulation. Experimental work in the chemistry of 
Pranayama has led to definite conclusions regarding the value 
of Kumbhaka so far as it is undertaken to absorb O2 or to 
eliminate COz. All this laboratory work published in this 
and the last volumes, however, has not touched even the 
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fringe of a scientific study of Pranayama, because the subject 
‘of Pranayama is very very vast especially when an attempt at 
its co-ordination with modern sciences is systematically made. 


For our readers, however, we are going to give a sort of 
completeness to this subject of Pranayama by the end of the 
next volume. . We wish to include in the fifth volume a com- 
plete description of the technique of three other types of 
Pranaya4ma— Siiryabhedana, Sitkari and Sitali.. These three 
varieties of Pranayama along with Ujj4yi and Bhastrika are 
quite sufficient either for a student of Yogic Physical Culture 
or Yogic Spiritual Culture. Our article ‘Ujjayi Pranayama Ex- 
plained’ will be concluded in the next volume. The ques- 
tion of Oz absorption and COz elimination in Pranayama will 
also be brought to a definite line of demarcation. In this way 
~ Volumes III, IV and V will form a sort of unit, a unit dealing 
chiefly with Pranayama. Different indexes will also be given 
at the end of the fifth volume as tae were given at the end 
of Volume II. 


It will thus be seen that Volume V will be found pase 
able for a clear understanding of the subject of Pranayama, 
especially by those of our readers who wish to understand 
this branch of Yogic studies from the modern point of view. 


In the volume that we are completing with this number, 
an exhaustive note on the determination of COz and Oz has 
appeared in the second number. The note has been written 
with a view to enable even those of our readers who are in- 
nocent of any knowledge of chemistry, to follow our research 
work intelligently. It is written so concisely and yet so 


oo licidly, ‘that in a few pages it discusses the most elementary 


‘as well as some of the advanced problems of modern chemis- 
try. No student of Pranayama can understand the subject 
from the modern point of view, unless ‘he si he contents 


of this note, ' ; Si aor 
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Our article on Human Body which appeared in the third 
number is equally important. It offers a synthetic study of 
human anatomy and physiology which is so indispensable to 
those who want to understand the fundamental principles 
underlying Yogic Physical Culture. 


Thus it will be seen that the contents of Volume IV are 
so important that every reader of Volume V will find it es- 
sential to have studied the fourth volume carefully. 

. & ? > 

ALTHOUGH Pranayama will continue to be the principal 
theme of the fifth volume, some other important exercises 
will also be studied therein. We propose to describe the 
technique of ASvinimudra, Maha-Mudra, Mahabandha and if 
possible of one or two of the Shat Kriyads. The exercises of 
Asvinimudra will be accorded special treatment. Students 
of Yoga interested in the sublimation of sex energy or the 
treatment of seminal weakness will find a fund of original in- 
formation in our article on Asvini, as the same will be based 
upon a critical study of scientific facts as well as clinical and 
cultural experiences. In short, we will try our best to make 
Volume V as interesting and instructive as the preceding 
volumes of Yoga-Mimdnsd, if not more. . 

¢ ob 8 

Yoca-MimMAnsA is not a money-making concern; An 
average Indian has little knowledge of the remarkably expen- 
sive character of laboratory experiments where the subjects 
are trained students of Yoga. This circumstance at times 
leads to the erroneous impression that the subscription of 
Yoga-Mimdnsd is heavy enough. Some of our readers might 
argue that they are concerned with the Sem#-Scientific andethe © 
Popular Sections of the journal and not with the Scientific 
Section: of it. Such an.argument betrays colossal ignorance 
about the nature of relation between the Scientific Section and 


the. Semi-Scientific and Popular Sections of . Yoga-Mimdnsd, 
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Almost everyone of our readers finds the latter two Sections 
as uncommonly interesting and instructive as they are original. 
This peculiar character of the two Sections is due to their 
being based upon the Scientific Section. If we eliminate the 
scientific research and its conclusions from Yoga-Mimdnsd, 
it will be reduced almost to a trash! 


This explanation will bring it home to our readers that 
the material published in Yoga-Mimdisd is got together at a 
very heavy cost. Further this heavy cost is rendered heavier 
still because of the present low rate of subscription and the 
limited number of our subscribers. We have no mind to in- 
crease the rate of subscription. So the only way to lessen the 
burden of the Agrama in bringing out Yoga-Mimdrisd is for 
the present subscribers to continue their patronage and to 
- find'as many new subscribers as they possibly can. Let us 
‘assure our readers that we have been able to keep the journal 
going simply because of the extreme sacrifice of the inmates 
of the Agrama. It is; therefore, the sacred duty of all the 
educated Indians who are interested in Yoga, to subscribe to 
Yoga-Mimdnsd and thus help the propagation of Yogic Cul- 
ture which all of us have at heart and which the Yoga-Mimdtisd 
journal is doing with remarkable success. 
% ¢ > 
For the last few years one volume or another of the Yoga- 
Mimédmnsd journal used to go out of print. This proved a great 
handicap to our readers who wanted to purchase all the back 
volumes for their study. But now this handicap has been re- 
moved. We have reprinted all the back volumes and our 
readers can now have every one of the Yoga-Mimdiisd num- 
Bers.serially from the very beginning. 
> | > > 
ON page 264 of this number will.be found a few words 
addressed to our readers by the Manager of the Yoga- 


Mimansa Office. We want to draw our readers’ attention 
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especially to the intimation card being circulated therewith. 
Those of our subscribers who wish to discontinue their pat- 
ronage are very earnestly requested to send us instructions to 
that effect at the earliest opportunity. At any rate their 
intimation should reach the Yoga-Mimansa Office before the 
20th of January, 1934. A little negligence in this respect on 
the part of such subscribers, puts us to a heavy loss. After 
each subscriber the Office loses upwards of 5 annas for postage 
and packing, not to speak of the damage done to the copies of 
the journal because of the double transit. Therefore, it be- 
hooves every subscriber who intends discontinuing to send us 
timely information about his intention. | = 


We will feel obliged to all the subscribers who wish to 
continue, if they send their subscriptions by Money Order, 
This method is cheaper for the subscribers.and more convenient 
for the Yoga-Mimansa Office. 


This much for the inland subscribers. Foreign subscrib- 
ers are requested kindly to follow faithfully the instructions 
given on the next page by the Manager of the Yoga-Mimi4iis4 
Office. 


Before concluding these mofes we wish to offer our cordial 
thanks to all the subscribers past and present, who have thus 
far patronized Yoga-Mimdrsd, Needless to say that it is their 
active sympathy that has enabled us to keep the journal going 
up to now. 

+ > _ 

May the Lord that enabled us to found the Agrama, give 
us strength enough to carry on its work! May He ever widen 
the circle of our sympathizers and thus allow us to serye elim” 
and His children to the best of our ar ability J. [a 
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» Kindly do not fail to get your name registered as a sub- 
eee for Vol. V, by posting, even to-day, the accompanying 
card: duly signed and stamped. It is hoped that you will 
enter. your full name and address in legible handwriting, clear- 
ly stating your Post Office. Please do not lose this opportu- 
nity of studying or helping the study of this ancient *oe 
Culture of the Aryans, 


The first number of Volume V will be posted in the first 
week of February 1934, If you do not send definite instructions 
or remittances, so as to reach the Yoga-Mimadnsd Office on or 
before the 20th of January 1934, it will be taken for granted 
that you want to continue as a subscriber and that you want us 
to send you the number per V. P. P., charging you for the neat 
volume. 


Ifyou are an inland-subscriber, the Money Order Saks 
is cheaper for you than the V. P. System. I? will save you five 
annas and will save us much trouble. Cheques will not be 
accepied. If you are a foreign subscriber, residing in British 
Colonies, Possessions or Agencies, remittance in British Postal 
Orders or in Sterling Currency Notes is cheaper and quicker 
for you and more convenient for us than payment through 
Foreign Money Order System. If you happen to be an 
American subscriber, you can best send us your remittance in 
Dollar Currency Notes. Above all, remittance through a Draft 
is a facility, most convenient in all respects that is available to 
a foreign subscriber, 


All remittances should be made payable to the “‘ Manager, 
"oea-Mimdiisd Office”. 


Manacer, YOGA-MIMANSA OFFICE, 
P. O. BORIVLI, (B. B. & C. I.) 
( Bombay-India) 
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Oz ABSORPTION AND COz ELIMINATION 
IN PRANAYAMA! 


tee 


INTRODUCTION 


In the second number of this volume we studied the quest- 
ion of CO elimination in Pranayama with the help of eight 
experiments described in the Scientific Section of that number. 

» In the present article we wish to discuss the question again in 
the light of further experiments, and also to try to solve the 
question of Oz absorption in Pranayama. The questions of Oz 
absorption and COz elimination go hand in hand and occupy 
an important place in the study of Pranayamic chemistry. 

Hence they may be studied together with great advantage. 


In the second number, five questions were raised regard- 
ing the problem of CO, elimination in Pranayama. The last 
three of these questions were satisfactorily answered; but the 
first two were left over for future discussion. Here we shall 
reproduce those very questions. We shall only include there- 
in the question of O2 absorption. When this is done, the 
questions would stand as follows :— 


(i) Whether Prandyima enables a man to absorb more 
Oz and to eliminate more COz than the ordinary normal breath- 
ing in a particular unit of time ? 


(ij) What would be the most advantageous time unit ae 
a round of Pranayama for O2 absorption and Coz elimination ? 


(iii) Whether a larger time unit for a Pranayamic round 

_ leads to larger Oz absorption and CO2 elimination? ~~ 
- (iv) Has Kumbhaka a special value in er. 2io4 Eye 

as O2 absorption and COz elimination are _conce Pee me 







Gh sec? a 
ar a 


i Readers are requested.to preface ‘Yieir ae of the 2 eek article and the - 
following experimeptesby ‘#tarefal study of what we have ‘said im the second number of. 
this volume,about COs ‘elimination in Pranayama on p, 95 and. the following, We 

_.gapécially draw our readers’ attention to the foot-note on p. 95. 
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(v) Is it desirable to omit Kumbhaka from the technique 


of Pranayama, if only O2 absorption and CQ; elimination are 
aimed at ? 


As in the second number, so here, we can attempt to solve 
only the last three questions satisfactorily on the strength of 
direct laboratory evidence. The first two questions have still 
to await further laboratory evidence for being convincingly 
answered in definite terms. | 

Starting with the third question, we want to know whether 
a larger time unit fora Pranayamic round leads to larger O, 
absorption and COz elimination. So far as CO, elimination 
goes, we have already answered this question in the negative. 
When we examine the evidence obtainable from the new ex- 


periments described in this Section, we will find our previous 
' amswer amply supported. 


anal 


that the longer units of Pranayama place us at a disadvantage 


Reference to last page of this Section will show that we 
have used four time units in these experiments. They are 14”, 
21", 28" and 35 seconds. Let us compare the results obtain- 
ed from Pranayamic rounds of these different units so far as 
Oz absorption and CO, elimination are concerned. Let Oz 
absorption be considered first. 

In 14” Pranayamic round the percentage of-Oz absorption 
is 5.74, whereas in 21” Pranayamic round it is 6.43. Thus 
we see that the percentage in the longer round has increased 
by .69. But we have to know whether this increase really 
compensates for the additional time of 7” given to the longer 
round. When we do this we find that the increase in percent- 
age is not proportionate to the additional time. At the rate 
of 5.74 per cent. for 14", we must get 8.61 per cent. for 21”, 
but-the actual percentage is only 6.43! This will clearly show 


so far as the absorption of Oz is concerned. If we compare 
the results of the other two units of 28” and 33”, we. will 
discover the same truth. es 
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The conclusion arrived at in the last..paragraph will 
become more striking, if we work out the total absorption of 
Oz in 14", according to the different percentages of absorption 
obtained in different Pranayamic rounds. 


Let us start with the rounds of 14" and 21 seconds. 
And let us suppose that the average quantity of the exhaled: 
air of each subject is 2800 c.c.1 Now in the first Pranayamic 
round of 14", the subject absorbs 5.74 per cent. of this, that is, 
160.72 c.c. of oxygen; whereas in the second round of 21’, 
he absorbs 6.43 per cent. that is, 180,04 c.c. of that gas. This 
shows that in the second round the subject absorbs 19.32 c.c. of 
oxygen more than in the firstround. But in the second round 
he spends 7” more than in the first. Let us therefore see how 
much oxygen the subject absorbs in 14" while he is practising 
Pranayama of the second unit which is to be completed in 
21 seconds. It would work out at 120.02 c.c. only. That is, 
in the 21” round, the subject absorbs 40.70 c.c. of oxygen 
less than in the 14" round. If we work out similar figures for 
28” and 35”, we will find that the longer the unit of time of a 
Pranayamic round, the greater is the disadvantage, so far as 
the absorption of O2 is concerned. The following table will at 
once make the conclusion clear. 












Proportionate 
absorption of Oe - 
in 14" in differ. 
| ent time units, 









Total absorption 
of Os in a single 
round 


Time unit of a 
Pranayamic 
round 


Percentage of 
Qs absorption 










140,72 ove. 
120,02 c.0, 


14" 5.74 160.72 c.c. 
21" 6.43 180.04 c.0, 
aR” 7.03 196,84 a.c. 
a1¢.08 aes - 
ATT, E 

1 Properly speaking. ihe average Br have Geen in. the “peighbourhoad. af 


3500 ce c. in HS 8 of the present subjects, “We have, however, purposely taken it to i 
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Nor do we gain any advantage by choosing longer time 
units for Pranayama even in the case of COz2 elimination. 
‘This will be clear from the results of the experiments describ- 
ed at the end of this article. These results are tabulated on 
the last page of this Section. In the following table we have 
tried to work out the figures of actual COz elimination, taking 
2800 c.c. to be the quantity of the expired air in a Pranaya- 
mic round, We have shown how much CQ, can be eliminat- 
ed in 14" according to the different time units employed in 
Pranayama in the experiments under examination. Here is 


the table. 





i 

| Proportionate 
Total elimina- elimination of 
tion of COs in | COs in 14” in 
ditterent time 


Time nnit of a Percentage af 
Franayamic | CO; elimination 



















round | asingle round 
units 
146.16. c.c. 146.16 ce. 
gi" oa 150.64 ¢.¢. 100.42 ec. 
aR 5.91 165.48 ec. 82.74 o.c. 






169.40 c.c. 67.76 cc, 





We find from this table that one can eliminate 146.16 c.c. 
of COz in 14", if a round of Pranayama is completed in 14”: 
whereas one can eliminate only 67.76 c.c. in 14", if the round 
is extended to 35 seconds. 


Here we wish to draw the attention of our readers to the 
difference in the results of the experiments’ published in the 
second number, and the experiments published here. In those 


~ experiments the percentage of COz elimination in 14” Prana- 


yamic round was found to be 3.97, whereas in the present 


eee 
2800 c.c. ‘The idea is to show to our readers thabdonger Pranayamic rounds entail a loss 
in Og absorption even in the case of people having a'small lung capacity, It is needless 
to point out that with larger lung capacity the loss will be greater still, It may be noted 


that in the second number we have chosen the same measure of expired airas here, “Sse. - 
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experiments it comes out to be 5.22. Thus there is a difference 
of 1.25 percent. This difference is obviously due to the 
difference in the sets of subjects examined in these two series 
of experiments. If our readers study carefully the details 


_tabled in each experiment against the name of each subject, 


they will find ample evidence for this difference in different 
subjects. This individual difference in the percentage of CO, 
elimination or Oz absorption is a physiological fact. Hence 
the need of examining each subject twice and also examining 
several subjects in one and the same experimgnt and then 
finding out averages for arriving at the correct results. 


The difference in the results of the two sets of experiments 
to which we have drawn our readers’ attention in the preced- 
ing paragraph, does not, however, vitiate our conclusion, 
namely, longer rounds of Pranayama do not lead to larger CO2 
elimination. The following table prepared according to the 
results arrived at in the previous series of experiments will 
convince our readers. 











Proportionate 






























Time unit of a | Total elimina- elimination of - 
Pranayamic Pag er | tion of COs in | COg in 14” in 
round So a4 single round different time 
noite 
14" 111.16 «ec. 16 e: 
a1" 4.56 127.68 c.c. 85.12 we 
ag” 5.2 — 145.6 ce. 72.8. co, 
aq" 5.3 } 1484 ae. 59.8 ac. 
49" 3 168.56 c.c. , 7. de: 








Thus we see that alonger- aontid@ OF Prandya 


bier 80. far asthe spun: of Oz or ‘clo of 001 1s 





afk 


YOGA-MIMARSE VOL, IV 


| = ‘naeanoe and we can emphatically say that a longer time unit 
- fora Pranayamic round does not lead to larger O2 absorption 
~-. or CO, elimination. 


Next we have to see whether Kumbhaka has a special 
value in Pranayama, so far as O2 absorption and CQ, elimina- 
tion is concerned. 


In the following experiments two time units, 28" and 35", 
have been employed for Pranayama once with Kumbhaka and 
once without Kumbhaka. If we examine the results of these, 
we can tnderstand the O2 and COz value of Kumbhaka. Let 
us first take 28” unit. In this we have 7.03 per cent. of O2 
absorption when Pranayama is done with Kumbhaka and 6.94 

“per cént. when Prandydma is done without Kumbhaka. Thus 
there is an advantage of .09 per cent. in Pranayama with 
Kumbhaka. When we remember, however, that this advantage 
is so trifling and obtained in 28’, we can safely say that 
Kumbhaka has no special value in Og absorption. We shall 
make this position a little clearer still. If.we take a subject 
with 2800 c.c. lung capacity, according to the results of our 
experiments, he would be able to absorb 2.5 c.c. more of oxy- 
gen because of his Kumbhaka in a Pranayama of 28 seconds. 
Now according to the general physiological observations, an 
average adult absorbs at least 4 c.c. of Oz in one second in 
his normal breathing. When we take into account this normal 
absorption of Oz, we at once see how insignificant is the ad- 
vantage of 2.5 c.c. for a period of 28 seconds. 


The results of 35" unit are more conclusive. There the 
percentage of O2 absorption is 7.54 for Pranayama with 
*". Kumbhaka; and 7°58 for Pranayama without Kumbhaka. So 


ar 
- ae 


st there i is a disadvantage of .04 per cent. for Kumbhaka instead 
of there being any gain at all. Thus it is clear that Kumbhaka 
~ has no special value in Pran4yama ‘so far’ as’ Og. spelen is 


concerned. 
Sate a 
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Next we come to COz elimination value of Kumbhaka, 
In the 28" round the percentage of CO elimination is 5.91 
with Kumbhaka and 5.69 without Kumbhaka. That means 
Kumbhaka has an advantage of .22 per cent. When we see 
that this advantage comes to only 1 in 500, we at once realize 
the insignificance of it. Nor are the results of the 35° round 
more favourable to Kumbhaka. There COz elimination is 
6.05 c.c. with Kumbhaka and 5.95 c.c. without Kumbhaka. 
It means that Kumbhaka has an advantage of .1 per cent. that 
is of 1 in 1000, which is even less favourable than the last 
one. Hence Kumbhaka is found to be of no spécial value in 
COz elimination in Pranayama.! So our answer to the fourth 
question is that Kumbhaka has no special value in Pranayama 
so far as Oz absorption or COz elimination is concerned. . 


The solution of the fourth question also satisfactorily 
solves the fifth question. As Kumbhaka has no special value 
in absorbing oxygen and eliminating carbon dioxide, we can 
safely omit Kumbhaka, if O2 absorption or CO: elimination i is 
the only object of practising Pranayama.? 


—a 








“1 This conclusion confirms the one that we arrived-at in the second Si ob thie Be a 


7 a 
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2 When our readers study the article “Physiol at sues af 
Prindyama ' appearing in the Popular Sechiea oe this mam er, they will seé that me real 


advantage sought by studétite of Yoga in practising Prijayama and especially Kumbhaka 
: It is neither the absorption of oxygen nor the elimination of 


carbiini@ioxide. ‘This subject will be discussed at greater length in Vol. V. 
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“centage. Throughout, barometric pressures and temperatures 


‘GENERAL CONDUCT OF EXPERIMENTS 


For the experiments published in this number five sub- 


jects were tried. They were all young adults of ages varying 


from 25 to 30. Their health was normal. Not only during 
the days of experimentation, but even ordinarily these subjects 
were not given to any hard physical labour. Subjects Ai, Bu, 
D;, and E1 were regularly undergoing Yogic exercises daily. 
Subject Ci was trained as a regular athlete and although he 
was latterly doing Yogic exercises, his daily programme in- 
cluded quite a good amount of muscle culture. We make a 
special mention of this fact, because those of our readers who 
are interested in the details of metabolic experiments, will 
find a remarkable difference between the results of the mus- 
cular and non-muscular subjects. The percentages of O2 ab- 
sorption and CO2 elimination differ in different individuals and 


~.. jtrthe same individual under different metabolic conditions. 
We tried to maintain uniformity of metabolism as best as we 
gould and to eliminate error we tried the same subject twice on 


two different days for the same experiment and struck out an 
average. Again to make up for individual differences, we tried 
five subjects for one and the same experiment for finding out 
an average. Wherever a close comparison was necessary, 
as in the cases of Pranayama with Kumbhaka and without 
Kumbhaka, we tried both the experiments with a particular 
subject the same morning. Thus it will be seen that errors 
due to metabolic differences have been reduced toa minimum, 


Every time the expired air was collected in a rubber bag 
previously exhausted of all ordinary air. Out of this a sam- 
ple of 100 c.c. was taken in a gas burette for analysis. This 
sample was first treated with a solution of caustic potash<for 
determining CQ: elimination percentage and afterwards with 
potassium pyrogallate solution for finding Oz absorption per- 


were noted and necessary corrections-applied. 
The apparatus used has been described at great length in 


the Semi-Sctentific Section of the second number of this volume,. = 
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EXPERIMENT IX 


OBJECT OF THE EXPERIMENT :— 


The object of the experiment was to ascertain the average 
percentage of O2 absorption and CQ? elimination per normal 
respiration of the five subjects under examination, with a view 
to understand their average capacity in this connection. 


PREPARATION OF THE SUBJECTS :-— 


Five subjects were examined in this experiment. All of 
them were young adults of ages varying from 25 to 30. There 
was no special preparation except that they were made to avoid 
all abnormal physical work before the experiment. 


THE APPARATUS :— 


The apparatus used has been described in the Semi- 
Scientific Section of the second number of this volume. 


THE EXPERIMENT PROPER :— 


_ The expired air of three normal exhalations in the case of 
each subject was collected in a rubber bag which was com- 
pletely exhausted of ordinary air. Out of this a sample of 
100 c.c, was analyzed for finding out percentages of Oz ab- 
sorption and CO2 elimination, as described in the introduc- 
tion to these experiments. Each subject made two attempts. 
The results are tabulated on the next page. 
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EXPERIMENT X 


OBJECTS OF THE EXPERIMENT :— 


One of the objects of this experiment was to determine 
the percentages of O2 absorption and CQ: elimination in a 
Pranayamic round of 7” Piraka and 7" Rechaka, with no 
Kumbhaka between them. The other object was to compare 
these percentages with other similar percentages secured with 
Pranayamic rounds of longer time units, with a view to see 
whether the longer time units had an advaritage over these, so 
far as the absorption of Oz and the elimination of COz were 
concerned, | | 


PREPARATION OF THE SUBJECTS AND THE APPARATUS :— 
The subjects and the apparatus in this experiment were 

the same as in the previous experiment, the subjects being 

prepared in the same fashion as before. 

THE EXPERIMENT PROPER :— 


In the case of each subject a Piiraka of 7" was followed 
by a Rechaka of 7 seconds. The expired air was collected in — 
a rubber bag as was done in the previous experiment. Out 
of this a sample of 100 c.c. was analyzed for finding out per- 
centages of O2 absorption and CO2 elimination. 


Each subject was examined twice. The results are tabu- 
lated on the next page. 
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EXPERIMENT XI 


OBJECTS OF THE EXPERIMENT :— 


One of the objects of the experiment was to determine 
the percentages of Oz absorption and CQz2 elimination in a 
Pranayamic round of 7" Piiraka and 14" Rechaka, with no 
Kumbhaka between them. The second object was to compare 
these percentages with other similar percentages secured with 
Pranayamic rounds of shorter or longer time units, with a view 
to see whether the longer time units had an advantage over 
the shorter units, so far as O2 absorption and CO> elimination 
were concerned. 


PREPARATION OF THE SUBJECTS AND THE APPARATUS :— 
The same as in the last two experiments. 


THE EXPERIMENT PROPER :— 


In the case of each subject a Piiraka of 7" was followed 
by a Rechaka of 14 seconds. As in the last experiment the 


‘expired air was collected in a rubber bag and a sample of it: 


measuring 100 c.c. was analyzed. Each subject made two 
attempts. The results are tabulated on the next page. 


REMARKS :— 


The Pranayamic round of the last experiment was of 14” 
whereas the same was of 21" in the present experiment. The 
percentage of COz2 elimination in the last experiment was 


5.22. Had this percentage increased in proportion to the — 


increase in the time umit, the COz2 elimination percentage in 
the present experiment would have been 7.83. Actually it is 
only 5.38. Hence we clearly see that a longer time unit in 
Pranayama is not an advantage so far as the elimination of 
COz is concerned. The same can be said about the absorp- 
tion of O2 In the last experiment with 14" Pranayamic 


round the percentage of Oz absorption was-.s#4#. “Had this” ~~ 


percentage increased in proportion to the increase in time 
unit, we would have had 8.61 per cent. of Oz absorption in the 
present experiment. Actually it is only 6.43. 
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NO. 4 Os ABSORPTION & ‘CO, ELIMINATION IN PRANAYAMA 
EXPERIMENT XII 


OBJECTS OF THE EXPERIMENT :— 


One of the objects of this experiment was to determine 
the percentages of Oz absorption and CQ, elimination in a 
Pranayamic round of 7" Piiraka, 7” Kumbhaka and 14” 
Rechaka, The other object was to compare these percentages 
with similar percentages secured with a Pranayamic round of 
the same time unit, but without Kumbhaka, the period of 
Kumbhaka being added to Rechaka for lengthening it, with a 
view to see whether Kumbhaka had a special value so far as 
the absorption of Oz or the elimination of COz was concerned. 


PREPARATION OF THE SUBJECTS AND THE APPARATUS :— 
The same as before. 
THE EXPERIMENT PROPER :— 


Each subject had a Pranayamic round of 7” Piraka, 7” 
Kumbhaka and 14" Rechaka. The expired air was collected 
in arubber bag as before. A sample measuring 100 c.c. was 
analyzed. Each subject made two attempts. The results are 
tabulated on the next page. 
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NO. 4 Og ABSORPTION & COg ELIMINATION IN PRANAYAMA 
EXPERIMENT XIII 


OBJECTS OF THE EXPERIMENT -— 


One of the objects of this experiment was to determine 
the percentages of Og absorption and CQOz, elimination in a 
Pranayamic round of 7” Ptraka and 21" Rechaka, with no 
Kumbhaka between them. The other object was the same as 
the second object of the last experiment. | 


PREPARATION OF THE SUBJNCTS AND THE APPARATUS :-— 
The same as before. 
THE EXPERIMENT PROPER :— 


This was done exactly as the last experiment with the 
following change. Instead of 7" Kumbhaka and 14” Rechaka, 
the subjects had 21" Rechaka only, without any Kumbhaka at 
all. Each subject was examined twice. The results are 
tabulated on the next page. 


REMARKS! :-— 


A comparison of the results of this experiment and the 
last, clearly shows that Kumbhaka has no special value, so far 
as Oz absorption and COz elimination are concerned. In the 
last experiment the percentage of O2 absorption was 7,03 
whereas in the present experiment it is 6.94. The last experi- 
ment has, indeed, an advantage of .09 per cent. over the present 
one. But the difference is so small that we cannot claim any 
special advantage for Kumbhaka in the absorption of Oz. 
Similar is the case of COz elimination. In the last experiment 
its percentage was 5.91 whereas in the present experiment it ts 
5.69. . Thus there isan advantage of .22 per cent. in the last 


experiment. But this too is such a trifle that, Aupbhala, i 


cannot be given any special value for COY eli vr ee ee 


1 For a detailed discussion on these remarks we refer oor readers to the [nfroduc- 
lion of these experiments. 
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NO. 4 Og ABSORPTION & COg ELIMINATION IN PRANAYAMA 
EXPERIMENT XIV’ 


OBJECTS OF THE EXPERIMERT :— 


One of the objects of this experiment was to determine the 
percentages of Oz absorption and CQ; elimination in a Prana- 
yamic round of 7” Piraka, 14" Kumbhaka and 14” Rechaka. 
The other object was to compare these percentages with similar 
percentages secured with a Pranayamic round of the same time 
unit, but without Kumbhaka, the period of Kumbhaka being 
added to Rechaka for lengthening it, with a view to see 
whether Kumbhaka had a special value so far as Oz absorption 
and COz2 elimination were concerned. 


PREPARATION OF THE SUBJECTS AND THE APPARATUS :— 


The same as: before. 
THE EXPERIMENT PROPER :— 


Each subject went through a round of Pranayama consist- 
ing of 7” Péraka, 14” Kumbhaka and 14" Rechaka. The 
expired air was collected, and a sample of it analyzed as before. 
Two attempts were made bby each subject. The results are 


tabulated on the next page. 
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NO. 4 O: ABSORPTION & COy ELIMINATION IN PRANAYAMA 
EXPERIMENT AV 


OBJECTS OF THH EXPERIMENT :— 


One of the objects of this experiment was to determine the 
percentages of Oz absorption and COz elimination in a Prana- 
yamic round of 7” Ptiraka and 28" Rechaka with no Kumbhaka 
between them. The second object was the same as the second 
object of the last experiment. 


PREPARATION OF THE SUBJECTS AND THE APPARATUS :— 


The same as before. 
THE EXPERIMENT PROPER :— 


. This was done exactly as the last experiment with the 

following difference. Instead of 14" Kumbhaka and 14" Re- 
chaka, the subjects had 28” Rechaka only, without any Kum- 
bhaka at all. Each subject was examined twice. The results 
are tabulated on the next page. 


REMARKS :— 


On comparison of the results of this and the last experi- 
ments, we find that the percentage of Oz absorption is higher 
in this experiment than in the last. This, therefore, confirms 
the conclusion that Kumbhaka has no special value in Og 
absorption. Further, so far as CO elimination 1s concerned, 
we find that the percentage arrived at in the last experiment is 
higher by .1 per cent. only. This advantage is so trifling that 
we can again safely say that Kumbhaka has no special value in 
COz elimination also. 
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N Be— The Director of the Kaivalyadhadma entreats 
every man of means to show his active 


sympathy for the Aframa. 
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The Popular Section 
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N. B,—Insiruction in Yogic culture higher as well as 
lower +will be given gratis at the Aframa to 


everyone that earnestly seeks it. 
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BHASTRIKA 


THE NAME :— 


By this time our readers have become familiar with 


the meaning of the word Prandydma.!’ They have also — 


seen that Svatmarama Siri, the reputed author of Hatha- 
Pradipikd, recognizes eight? varieties of Pranayama of 
which Bhastrika is one. A reference has already been 
made to the meaning? of the word Bhastrik4 and also to 
the technique‘ of it. In this article we shall study this 
Pranayama at some length. 


In Sanskrita Bhastrika means bellows. This Prana- 
yama is called Bhastrika because it is characterized by 
incessant and quick expulsions of breath in all its varie- 
ties,> imitating the actively hissing bellows of a village 
smith. Whether in these expulsions both the nostrils 
are used as in the first two varieties, or only one nostril is 
used as in the last two varieties, is all immaterial, quick 


succession of forceful expirations is the most prominent - 


feature of every type of Bhastrika. Hence® the name. 


THE THCHNIQUE :— 
Those of our readers that may have made them- 


selves thoroughly familiar with the technique of Ujjayi 


1 “Vide Vol, III, pp. 258-59. 2 Vide Vol. III, p. 260. 
3 Vide foot-note 2, p, 172 of this volame. 4 ‘Vide p. 163-64 of this volume, 
5 There are as many as four varieties of this Prajayama, We are soing to notice 
all of them in this article. 
6 Svatmiriima Stiri says :— 
gaiaiarageaa ga: ga: | 
wie stew wer Frat aera UH, P., 11 61 


aaa eetized sreategadt frat | jogger a) aaa ae 


Pr a ee WEP, Wea 


[ One slip ae again so “also inate again, doing the same, ‘repeatedly. Just as 
a blacksmith, works bis bellows actively, so should one move his physical -breath with 


speed anid attention. ] 
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and Kapalabhati, will find almost nothing new to learn 
in the technique of Bhastrika, at least so far as the first” 
two varieties are concerned. We shall presently see 
why this is so, 


First Variety! :—The first part of this variety is 
completely identical with the exercise of Kapalabhati as it 
is described in the second number of this volume. The 
breathing is entirely abdominal, the ribs being raised ; 
and kept up in that condition by the continued contrac- ' 
tion of the intercostals. Both the nostrils are used for - 
forceful and quick expulsions of breath that follow one 
another in rapid succession. Inhalations are passive be- 
ing brought about by the relaxation of the abdominal 
muscles. In fact this part of Bhastrika is nothing more 

__...than the practice of KapAlabhati. 


“os oojAflera tiumber of exhalations, this number? being 
~ determined by the strerigth of the individual practising 
Pranayama; deepest possible’ Pitaka is made as in the 
case of Ujjayi. Air is inhaled through both the nostrils 
and the abdominal muscles are kept controlled. Only 
the partial closure of the glottis and the consequent fric- 
tional sound produced in inspiration are to be avoided. 
The glottis is to be kept fully open, The air is to be 
drawn in by slowly expanding the chest. The passage of 
the inspired air through the nose and throat is to bé so ~ 
gentle, that no friction is caused in any part of the re- 
spiratory tract. It is desirable that the process of Piraka 
should cover at least eight seconds. 


1 This is the type of Bhastrika traditionally handed down to the Director of the 
Kaivalyadhama and daily practised by the SAdhakas of the Adrama, The author of 
Gheranda-Samhilad recommends this variety to the students of Yoga. Vide Lesson = 


i ¥ efi 


2 In Gheranda-Sarihitd only twenty expulsions of breath have been advised. 

Ta the Cultural and curative work done in the Adrama, we have found that the 
tiiéiisutes df Kapalabhati and Bhastrika agree with each other with worlderful accutacy, 
Also read the General Hints given at the end of this article, 
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Pairaka is followed by Kumbhaka. The inspired air 
is retained by completely closing the glottis and by secur- 
ing Jalandhara-Bandha. The closing of the nostrils with 
the fingers as in Ujjayi is necessary. In fact Kumbhaka s 
in Bhastrika is to be practised exactly as Kumbhaka in 
Ujjayi, the two Kumbhakas being thoroughly identical 
in every detail, including the control of the abdominal 
muscles. 


Rechaka follows Kumbhaka. Except for the partial 
opening of the glottis and the resulting soft sound of a low 
pitch, Rechaka in Bhastrika is quite similar to Rechaka 
in Ujjayi. As in Piraka so in Rechaka, Bhastrika re- 
quires the glottis to be thoroughly open, so that the re- 
turning air from the lungs may smoothly glide by. We 
have already studied the technique of Rechaka in Ujjayi. 
In Bhastrika the same steps are taken to start and to 
complete Rechaka. First the hold on the nostrils is re- 
moved,! then Jalandhara-Bandha is unlocked, afterwards 
the glottis is thrown open, and lastly by a simultaneous 
contraction of the chest and abdomen the air is slowly 
sent out of the recoiling lungs. 


The Piraka and Rechaka that respectively and 
immediately precede and follow Kumbhaka in Bhastrika 
_ Pranayama, differ from those Pirakas and Rechakas : 
which succeed each other without the interruption of 
Kumbhaka and which form the first part of this exercise 
corresponding to the practice of Kapalabhati. Inhala- 
tions and exhalations that successively follow each other 
are shallow, but the inhalation and exhalation that imme- qr 
diately precedes and follows ade oe “er the” ss Ms 
deepest possible of their-type.” | 7 i 


1 As wittbe dated later on the right hanid removed from the note’ fs again to be 
placed'on the rigtt kite, ~ 
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We shall now sum up this description of a single 
round of BhastrikA which consists of two parts, the first 
being exactly similar to Kapalabhati and the second 
roughly similar to Ujjayi. The student begins with quick 
expulsions of breath following one another in rapid suc- 
cession. When the necessary number of expulsions is 
* done, the last expulsion is followed by deepest possible 
inhalation. After retaining his breath till he could do it 
comfortably, he exhales as deeply as possible. The end 
of this deep Rechaka completes one round of Bhastrika. 


A few normal breaths for rest and the student is 
again ready for another round of this Pranayama. 

Regarding the relative measures of Piraka, Kum- 
bhaka and Rechaka forming the second part of Bhastrika 
Pranayama, and the absolute measure of Kumbhaka 


“ therein, what we have said in the article on Ujjayi also 


holds good here. 


The author of Gheranda-Samfilad recommends three 
rounds of Bhastrika for a man to keep himself fit. In 
our Agrama we follow this very recommendation and find 
that an average man of health can keep up his health 
for practising three rounds of Bhastrika daily.1 


Second Variety* :— We shall consider this variety 
in its two parts separately. Starting with the first part 


which corresponds to Kapalabhati, we notice that thereis , 


a difference in the arrangement of the glottis during 
respiration. The glottis is to be slightly contracted so 
that a frictional sound is produced while breath is ex- 


= “A This is not to be interpreted to mean that an average man of health can always 
find himself fit simply for practising three rounds of Bhastrika every day, What our 

statement means is this. In a well-balanced scheme of Yogic exercises, three rounds of 
Bhastrika form a suitable item, Such a scheme was published in Yoga-Mimdisd a few 
years ago and is to be found in Vol, II, on p. 286, The scheme is being practised all 
over India by several Yogic culturists at the recommendation of the Adrama, 

@ This variety is recommended by the author of Watha-Pradipiha, 
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pelled or taken in, but no substantial obstruction is offer- 
ed to the passage of the air This slight contraction of 
the glottis once secured is to be maintained throughout 
this part of the exercise. Except for this difference, the 
first part of this type of Bhastrika is completely identical 
with Kapalabhati.? | 


The measure? of expirations in the first part of this 





1 Read foot-note on p. 168 of this volume and the paragraph to which it is 
appended, 

2 In making this statement, we have followed the text of Hatha-Pradipikd and not 
its commentary by Brahmfinanda, The commentator is of opinion that even in the first 
part of this exercise only one nostril is to be used as will be described in the third and 
fourth varieties, and not both, We positively know that there are traditions in Southern 
India which conform to the descriptions of the third and fourth varieties of Bhastrika 
as noticed here and as recommended by Brahmdinanda in his commentary, But this 
does not mean that his interpretation of the original text is correct. We shall give our 
reasons in brief for our difference of opinion. 

The original text relating to inhalation and exhalation in the first part of Bhastrika 
runs as follows :— 


ge sara ata set erst Pa WH. P., 1159. 
aia qeaemiy ww. eee) WP, 17 60. 


[ Shut up your mouth, Make a forced expiration through the nose and then quickly 
inhale, ] 

Here the singular number of the word HIST has given an opportunity to the coma 
mentator to get support from the original text for his varieties of Bhastrika—the third 
and the fourth—which alone he recognizes, He explains SM as SPRAHT TTT | 
[ through one hole in the nose], Now Syatmarama Sari whenever he has to make a 
reference to one nostril or to both the nostrils cither to be used alternately, invariably 
gives specific instructions to that effect, As any such instructions are absent here, we 
have to take SMa to mean dhrough the nose, that is, through both the nostrils, The 
singular number of BM] need not present any difficulty, as Brahminanda himself has 
explained that word elsewhere as through boi the nostrils. In commenting upon 
occurring in Lesson If 53, he writes as follows : mater area 
CTH: BY BHT | : 

So we find that the original text describes the second variety of Bhastrika, but the 
commentator tries to findin that text descriptions of the third and fourth varieties, 
simply because he advocates the latter two and does not favour the former. 

“‘There are additional arguments in support of the view we have taken, But we 





abstain from quoting them here. 25 viet 
3 Svatmirfima Siri does not define this measure by pubting-a numeric dtion ~ 
upon it, He is of opinion that the bodily. strenigth of an iidividaal should a his 


or her measure in every casé, He says 
AA BAMAME wee LAP, TT 62. 
£When the physical frame is fatigued ( the second’ part should start ), J - 
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variety agrees im tofo with the measure of expirations in 
the corresponding part of the preceding variety. With 
the last expulsion of breath the second part begins. 


The second part of this variety is similar to the 
second part of the first variety except in one detail. 
Here the deep inhalation and exhalation which respec- 
tively precedes and follows Kumbhaka are done through 
one nostril only instead of through both the nostrils as 
in the previous case, The nostril to be used for inhal- 
ation is always the right, whereas that to be used for 
exhalation is invariably the opposite one. Thus after the 
last expulsion of breath completing the first part of the 
exercise, deepest possible inspiration is made through 
the right nostril. Breath is retained according to the 

_«.. technique given in the first variety and then it is driven 
out, the expiration again being as thorough as possible. 
Needless to say that in this part of the practice the right 
hand! will all along be on the nos¢ to, regulate the pass- 
age of air. With deepest exhalation after Kumbhaka 
one round is finished, In order to be ready for the next 
round, the right hand is returned to its original position 
on the knee and a few normal breaths are taken. 


Under the second variety, we have described only 
those features which distinguish it from the first. As all 
other features are entirely identical, for understanding 
them we refer our readers to what has been said about 
them under the first variety. 

Third Variety ;— Here again it is desirable to con- 
sider the variety in two parts, the first part corresponding 

_. to Kapalabhati and the second corresponding to Ujjayi. 
The only difference in Kapalabhati and the first part of 


i For the exact position of the hand and use of fingers read the general instroction 
given in Vol, [II, on pp, 276-77, 
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the third variety is that in Kapalabhati both the ‘nostrils 
are used for the expulsion of breath, but in this variety 
of Bhastrika only one nostril is used. Naturally the other 
nostril is to be kept closed, this closing being effected 
by the fingers arranged as in the case of Ujjayi. Accord- 
ing to Brahmananda for every odd round of BhastrikA 
the right nostril is to be used and for every even round 
the other. Thus breath will be expelled after the fashion 
of Kapalabhati through the right nostril in the first, third, 
fifth and every succeeding odd round of this Prandyama; 
whereas the expirations will be done through the left 
nostril in the second, fourth, sixth and every even round 
that follows. 

The second part of this variety corresponds exactly 
with the second part of the last variety, with only one 


exception. In the second variety the deep inspirations 


and expirations immediately preceding and following 
Kumbhaka are invariably done through the right and the 
left nostrils respectively. But in the third variety the 
deep inhalation is to be done through the right nostril 
in every odd round and through the left nostril iti every 
even round, the deep exhalation being effected invariably 
through the opposite nostril. Thus in the first, third, 
fifth and every succeeding odd round, the right nostril 
will be used for deep inhalation and the left for the deep 
exhalation, of course after the intermediate Kumbhaka. 
But in the second, fourth, sixth and every even round 
that follows, the left nostril will be used for deep 
inspiration and the opposite one for deep expiration. 

In short the technique of the third variety. can. be» 
described as follows. Incessant respirations dre started 
through the right-nostril, keeping closed the left. When 
the. necessary! number of respirations is gone through, 


1 What number is necessary will be presently stated. 
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deep inspiration is made through the same néstril. After 
retaining breath according to one's measure, it is fully 
expelled through the left nostril. This completes the first 
round, The second round commences with forceful ex- 
pirations as in Kapalabhati, using for this work the same 
nostril that was used for the last deep expiration, namely, 
the left. After due respirations, deep inspiration is made 
through that very nostril. Breath is retained and let out 
thoroughly through the right nostril. This completes the 
second round. Thereafter every odd round resembles 
the first and every even round resembles the second. 


As throughout this exercise, in the first as well as 
in the second part of it, either one or both the nostrils 
are required to be kept closed, the right hand is always 
kept on the nose but the left hand is allowed to be on 


“the knee, The fixing up of the chest, the play of the 


abdominal muscles and the arrangement of the glottis, 
thoroughly conform to the technique of the first variety, 


Regarding the number of expulsions constituting 
the first part of every round and the total number of 
rounds that an individual should perform every day, 
what we have said in this connection in the first variety 
also applies to this variety. 

Fourth Variety :— In this variety the second part 
is the same as in the third; but the first part differs. 
Here the first part resembles the second part with two 
points of difference. In the first part, there is no Kum- 
bhaka and breathing is not deep. Otherwise the two 
_ parts are exactly similar. Thus if a particular nostril is 
used for inspiration, the opposite is used for expiration 
as is always done in the second part. In simple words 
the technique may be put down as follows. 


1 Also read the General Hinis given at the end of this article, 
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Quick inspiration through the right nostril is im- 
mediately followed by quick expiration through the 
left nostril. This chain of incessant inspirations and 
expirations is prolonged till the individual feels healthily 
fatigued. That constitutes the first part of the first 
round. This is followed by the deepest possible inspira- 
tion through the right nostril, the necessary retention of 


breath and the final expiration through the left nostril, 


which completes the second pari of that round and also 
the round itself. Then the second round commences 
with quick inspirations through the left! nostril, and 
expirations through the right. In the second part, Piraka 
is done through the same nostril as in the first part, that 
is, through the left, and after due Kumbhaka, Rechaka 
is done through the right nostril. 


As in the last variety so in this, the first round is a 
model for every succeeding odd rounds and the second 
for every succeeding even rounds. 


What we have said about the measures of the first 
three varieties applies to this type of Bhastrika also. 


If we examine all the varieties of Bhastrika we find 
that the first part consists of a quick succession of 
Rechakas and Pairakas as in Kapalabhati and the other 
part consists of deep Ptraka, Kumbhaka and deep 
Rechaka as in Ujjayi. That is why we have said that 
Bhastrika is equal to Kapalabhati plus Ujjayi. 


Kapalabhati plays such a prominent partin Bhastrika 
that whatever we have said? regarding Asana appropriate 


to Kapalabhati applies to this exercise also... Pius: at, 


physical culturist should practise Brass while sitting 


1 The same through which Rechaka of the previous round was done, 
2 See the opening paragraphs of the technique of Kapalabhati in the second 


number ‘of this volume. 
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-and a spiritual culturist should always take the Lotus 
Pose throughout the practice of this Pranayama. While 
sitting in Padmdsana whether the hands are to be folded 
as is required by the technique of that posture or 
whether they are to rest on the knees forming what is 
called Jn'4na-Mudri, is left to the choice of the individual. 
It must be noted, however, that throughout the third and 
the fourth varieties and during the:second part of the 
first and the second varieties, the right hand has to 
manage the nostrils and cannot keep company with the 
left which invariably enjoys the privileged position of 
resting either on the knee or on the heels arranged in 
front of the abdomen. The two Bandhas, namely, Mila 
and Jalandhara have a place in the technique of this 
Pranayama as they form a part of Padmiasana, As 

oat regards the former we might at once say that instructions 
_ given for its formation etc., in Kapalabhati apply ir toto 

“fo the ‘éase of Bhastrika. We have, however, pointed 
out that Jilandhara-Bandha has no place in KapAlabhati 
for obvious reasons, ‘The case of Bhastrik’i stands on a 
different footing. Being a Pranayama, it requires the 
use ot the Chin-Lock at the time of Kumbhaka, It is 
to be remembered, however, that Mila may be main- 
tained throughout the succession of different rounds, but 
Jalandhara is to be used at the time of Kumbhaka only, 
otherwise the neck is to be kept erect. 

For knowing the place, seat, time etc., suitable to 
the practice of Bhastrika, we refer our readers to the 

article on Pranayama in Vol. III. 


* GONCE NTRATION :— 


Concentration to be practised in Bhastrika does not 
differ from the one recommended under Kapdlabhati 
for both the types of Yogic culture, spiritual as well as 
physical. 
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GENERAL HINTS :— 


Something has already been said under each 
variety of Bhastrika regarding its average measure. The 
following discussion is intended to make this question of 
measure clearer to the readers and to suggest progressive 
arrangements for their choice. 


We have laid down the following equation :— 


Ujjayi plus Kapalabhati is equal to Bhastriké. Does 
it mean that the exercise of Bhastrika can singly replace 
the two exercises of Ujjayi and Kapdlabhati? Yes, 
theoretically it can; but in practice it is not desirable to 
do so. We shall consider the cases of physical and 
spiritual culturists separately. 


In our discussion on Ujjayi, we have advised a 
physical culturist to avoid Kumbhaka at least in the 
beginning. The same advice holds good even in regard 
to Bhastrika. So a beginner when he starts with Bhas- 
trikA as a measure of physical culture, starts without 
Kumbhaka and will have eleven expulsions of breath 
followed by one deep inspiration and one deep expira- 
tion; Of these he will have three rounds, Thus in all 
there will be thirty-three expirations of Kapalabhati type 
and three deep inspirations and expirations of the Ujjayi 
type, speaking roughly. These very inspirations and 
expirations can again be arranged in four rounds : three 
rounds of Kapalabhati of eleven expulsions each and one 
round of Ujjayi of three breaths each. Now our experi- 
ence has taught us that the three rounds of Bhastrika 
put a greater strain on the system than the three rounds 


of Kapalabhati and one round of Ujjayi put togethers» 


This statement may not appeal.to,omé»who, examines 
these exercises on a smallerscale, but when they are 
compared ona larger scale the truth of it becomes at 


_ once evident. 
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Further our readers may recall what has been stated 
in the last but one paragraph of the article on Kapala- 
bhati in the second number of this volume. There we 
have said that as a breathing exercise Kapalabhati 1s less 
innocent than Ujjayi. But if Kapalabhati is less innocent 
than Ujjayi, BhastrikA is much less innocent that way. 
Hence we should strongly advise a beginner first to start 
with lessons in Ujjayi alone. When he is practised to it 
a little and finds the same comfortable, he should add 
Kapalabhati to his programme of the Yogic exercises. 
He might think of practising Bhastrika, only when he 
becomes capable of taking up Kumbhaka. Here again 
we would advise a cautious arrangement. The three 
rounds of Kapalabhati may give place to three rounds 
offBhastrika to begin with. Afterwards as the practice 
develops, the first part of Bhastrika may be broken up 
into convenient groups of sixty, forty, thirty and twenty 
each, every group being followed by the second part. 
Thus each round of Bhastrika will be broken up into 
2,3, 4 and ultimately into six rounds. While laying 
down the measure of Kapalabhati, we have recommend- 
ed six rounds of it as the maximum for any physical 
culturist. Now if each round of Kapalabhati is substi- 
tuted by six rounds of Bhastrika, the total number of 
Bhastrik4 rounds amounts to thirty-six. We are sure 
this is more than sufficient for the needs of any student 
of physical culture. 


When the rounds of Bhastrika in the daily scheme 
of exercises exceed nine, it is desirable that the rounds 
of Ujjayi are proportionatély lessened, And when the 
maximum of thirty-six rounds is attained in Bhastrika, 
Ujjayi is dropped altogether.1 

1 What has been said in this and the preceding paragraphs is intended to give the 
readers a general idea regarding the adjustment of breathing exercises... It is not meant 


to lay down any hard and fast roles. It may be pointed out here again, that Bhastrika 
with twenty expirations is recommended by the author of Gherattda-Sa mhiti, 
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The needs of a spiritual culturist are always greater 
than those of a physical culturist, so far as the Yogic 
exercises of spiritual value are concerned. BhastrikA is 
emphatically an exercise of that nature. Hence Yogic 


students of spiritual culture require a larger measure 


of Bhastrika than the one that is recommended above. 


In discussing the spiritual measure of Kap4labhiti, 
we have advised three rounds of three minutes each. 
Now when a spiritual student takes to Bhastrika, he 
should progressively break up these three rounds into 
six rounds each, so that the total number of Bhastrik4 
rounds would be eighteen at a sitting. If the student 
stands in need of a larger dose of Bhastrika for the day, 
he should not subdivide the eighteen rounds any more ; 
but should add to these rounds or should have a larger 
number of sittings in the day. In arranging for this extra 
dose of Bhastrik4 students should never fail to consult 
an expert whom they have chosen as their guide. 


Out of the eight varieties of Pranayama, Bhastrika 
has been mentioned as peculiarly capable of rousing the 
spiritual force. This Pranayama best prepares the mind 
for Pratyahara, Dharana, etc. It is a wonderful exercise 
for lifting the individual above his flesh, and for bringing 
him face to face with the serene spiritual light. Practise 
Bhastrika religiously for a few months and the ecstatic 
joys of a Yogin are yours. Do not allow your enthusiasm 
to get the better of your reason, however, ever remem- 
bering the cautions pronounced at the end of the articles 
on Ujjayi! and Kapalabhati.* 


Wide Vol, II, p..275. 2 Vide Vol, IV, p. 161. 
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THE physiology of normal respiration was described in the 
second, third and fourth numbers of Volume ITI of this journal. 
In the same volume, in numbers three and four, we studied 
two meditative poses, namely, Svastika and Sama, in addition 
to two others, namely, Siddha and Padma, which were studied 
in the third number of Volume II. These four Asanas are 
very appropriate to Pranayama. The most important general 
features which are common to all Pranayamic practices were 
discussed at some length in the article on Pranayama in 
Volume III. Separate articles on Ujjayi and Kapalabhati have 
appeared in numbers three and four of Volume III and the 
second number of Volume IV respectively. In this number an 
article on Bhastrika has been published in this very Section, 
In the present article we wish to evaluate Pranayama from the 
physiological and spiritual points of view. First we shall as- 
certain its physiological value and then the spiritual. 


The physiological value of an exercise depends upon its 
capacity to confer health upon the person practising it. The 
greater the degree of health an exercise is calculated to induce, 
the more valuable it will be. But what is health? Health 
may be defined as the harmonious functioning of the different 
systems working in the human body. The principal systems 
are the nervous, the endocrine, the respiratory, the circulatory 
and the digestive. Out of these the nervous and the endo- 
crine are of supreme importance, but even they have to de- 
pend upon the other systems enumerated above. We shall 


1 We have tried to wrile this article in as popular a language as the subject 
allowed it, We have not, however, sacrificed scientific accuracy; but as aresult of our 
attempt to make things simple many statements have remained scientifically incomplete, 
To give one example out of many, in our discussion about the organs of elimination we 
have made no reference to the skin which is, perhaps, as important as the other three 
organs Which have been mentioned therein. Our readers are, therefore, requested not 
to expect scientific completeness in this general article on Prandyama, 
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now proceed to see how many and in what way and to what 
degree, Pranayama is able to influence these systems and 
secure their efficient and harmonious working, But before we 
do this we shall make a brief reference to the functions of the 
different systems under discussion. 


Starting with the nervous system, we may compare it to a 
big power house generating electricity and the network of 
wires that distributes it to the different machines in a factory. 
The brain is the power house. The nerves starting from the 
brain itself, the spinal cord which is the tail of the brain and 
the different individual nerves that arise from the spinal cord, 
all of these represent the electric wires in the factory of the 
human body. Ina regular factory every piece of machinery 
is set in motion by the electric current carried across the wires 
from the power house. Similarly, in the factory of the human 
body all physical movements depend upon the impulses 
carried across the nerves from the brain. Let the power 
house go out of order or let there be obstruction in the current 
of electricity owing across the wires, the whole machinery will 
come to a standstill. Similarly if the brain is deranged or the 
nerves are so degenerated as not to convey the impulses, 
physical movements will stop. The effects of this cessation of 
physical movements have a deeper meaning than an ordinary: 
reader can imagine. Our digestion, our blood circulation and 
even our respiration is controlled and carried on by the nervous 
impulses brought to the organs responsible for these functions, 
from the brain. In case the nervous impulses do not-start or 
having started do not reach their destination, all life processes 
will stop, and even the spark of life may become extinct, 
Such is the supreme importance of the nervous syatem Der gicnne eR 


Now in the illustration of. the powel Houde taken in the 
previous paragraph, ‘granting that the power house does gen- 
erate ele¢tricity, and the wires do conduct that, electricity to 
their terminals, if the current of electricity is not of sufficient 
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strength, the machinery supplied by that electricity will not 
move. For the necessary movement the electric current must 
be of the required strength. In the machinery of the human 
body this strength of the current depends upon the secretions 
of what are called the endocrine glands. The whole nervous 
mechanism may be in perfect order, and yet if the endocrine 
secretions are not available in the necessary quantity and of 
the necessary quality, the strength of the nerve impulse and 
the nerves themselves later on will degenerate. Consequently 
physical movements and the life processes will become dull 
and languid. «Let us take one of these glands for illustration, 
say the thyroid. This is the most popularly known endocrine 
“gland, although the sex glands both in males and females, the 
_ pituitary body etc., are of no less importance. Remove the 
"thyroid from a healthy person and his eyes begin to be pale, 

his cheeks begin to sink, his muscles begin to be flabby or 
lean, his hair begin to turn gray and he becomes a prey to pre- 
mature old. age, Restore the thyroid and the man begins to 
show all the signs of youthful enthusiasm. Symptoms of old 
age are gone, the fellow begins to walk erect, things brighten 
and life again becomes a pleasure. Thus it will be seen that 
the endocrine system stands on the same level of physiolog- 
ical importance as the nervous'system. 


Study of human physiology clearly indicates that these 
two systems of infinite importance in the human organism 
have to depend upon the circulatory system for getting the 
necessary blood supply and upon the respiratory and the di- 
gestive systems for getting the blood of the necessary quality. 
The circulatory system consists of the heart, the arteries, the 
“veins and the capillaries. It is the duty of this system to take 
the blood to every tissue inthe human body. The nerves and 
the endocrine glands, if they are starved for want of the neces- 
sary blood supply, will degenerate in their functions.. The 
result will be what has been stated in the last two paragraphs, 
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It is, however, of no practical use to have the circulatory 
system in an efficient condition, if the quality of the blood 
that is being circulated through it is not rich. If the blood is 
loaded with toxins, the efficiency of the circulatory system 
will be of little consequence. So the quality of the blood must 
be kept rich, and for this human physiology has to depend 
upon the respiratory and the digestive systems. © 


In order that the blood may be rich in quality, it must 
carry the necessary quantity of oxygen with it and also contain 
elements of nutrition for the tissues. The blood gets oxygen 
from the air inhaled and the elements of nutrition from the 
absorption of food-stuffs and drinks. The quantity of oxygen 
the blood can carry, will mainly depend upon the efficiency 
of the respiratory system. With defective respiration the ab- 
sorption of oxygen into the blood will be insufficient and the 
tissues supplied by the blood deficient in oxygen will be starv- 
ed. So also one may use rich food-stuffs and luxuriant drinks, 
but if the digestive apparatus is not in order, there will be 
little"digestion and absorption and most of the stuff will be 
wasted, with the result that the blood will contain very small 
elements of nutrition. Thus we see that the respiratory and 
the digestive systems must work efficiently if the blood’ supply 
is to be constantly kept rich in quality. 


A defective working of the respiratory and digestive 
systems not only keeps the blood poorer in quality for want of 
oxygen and nutritive elements, but it loads the blood with 
waste matter which is poisonous. We shall explain this point 
further.. Carbon dioxide is constantly manufactured in the 
body. The efficiently working circulatory system carries this 


“2 


poisonous gas to the lungs and there gets rid of of ibe ‘But tthe | 
efficiency of this system suffers; thi® waste ‘matter accumulates 
in the different tissues and there produces toxic effects. 
Similarly food-stuffs leave a very large wastage, It is for the 
bowels to throw it out. The smaller the degree of digestion and 
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absorption of food and drink, the larger is the wastage... And 
if the bowels which are anatomically included in the digestive 
tube, do not work efficiently, this waste matter remains lodged 
in the colon or even in the small intestine for several days, 
giving rise to highly dangerous toxins. These toxins get into 
the current of the blood through the walls of the bowels and 
poison the blood ; and the poisonous blood being circulated 
throughout the body, leads to the degeneration of the whole 
organism. 
We have seen in the previous paragraph how the lungs 
and the bowels act as organs of elimination. The kidneys are 
also organs of the same type. Some of the waste products 
which are poisonous in nature, are driven out of the human 
.-. organism with the urine. If the kidneys do not function satis- 
a -factorily these poisonous substances are held back and find a 
~ resting place especially in the different joints of the human 
body. People suffering from gout have invariably defective 
kidneys. Thus it is clear that the blood inorder to be rich 
in quality has to depend upon the respiratory and the digestive 
systems and in order to be free from toxic elements, it has to 
depend upon the organs of elimination. In this way we have 
studied some of the broadest features of the most important 
physiological systems upon the harmonious functioning of 
which, human health depends. We shall now proceed to ex- 
amine how Prandyama helps the efficient functioning of these 
systems, 


Starting with the organs of elimination, we find that the 
bowels and the kidneys are situated in the abdomen and the 
_._lungs in the chest. In normal respiration the alternate rise 

and fall of the diaphragm and the alternate contraction and 
relaxation of the abdominal muscles, give constant movement 
and gentle massage to the bowels and the kidneys. During 
Pranayama in both inspiration and expiration as well as in 


retention of breath, this movement and massage are greatly... 
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accentuated. If there be any congestion it is relieved for the 
pressure exerted. The nerves and muscles which control ‘the 
functions of the bowels and the kidneys are all toned up. 
Thus the bowels and the kidneys derive benefit not only 
during the time that Pranayama is being practised, but even 
for the remaining part of the day. The nerves and muscles 
once toned up continue to maintain that tone for a consider- 
ably long time. The bowels and the kidneys rendered health- 
ier for Pranayama carry on their functions of elimination more 
effectively. 


The same is the case with the lungs. As we have seen 
in the article on respiration, healthy respiration depends upon 
strong respiratory muscles and good elasticity of the lungs. 
On the physical side Pranayama is a culture of these muscles 
and the lungs. By opening out the chest to its fullest ex- 
tent several times a day and by putting the lungs on a stretch 
to the utmost possible extent, these organs are best educated 
to perform their functions satisfactorily. As in the case of 
bowels and kidneys so in the case of the lungs the training 
given to them for a short time prepares them for an efficient 
working during the remaining part of the day. Thus Prana- 
yama is a very valuable exercise for the organs of elimination. 


Organs of digestion and absorption do not stand on a 
different level so far as the effects of Pranayama on them are 


concerned. The stomach, the pancreas and the liver which 


play a very prominent part in the digestion of food and _ drink, 
are all exercised in Pranayama, for the massage given to them 
by the diaphragm and the abdominal. muscles. In a very 


large number of people who are dyspeptic and constipated, ....- 


the liver becomes habitually congested andconseqtiefitly faulty 
in function. For relieving this¢ongestion Prandyama'is an 
excellent exercise. An unhealthy pancreas gets very good 
stimulus and correction for Pranayamic exercises. In our 
clinical experience we have noticed a number of cases ‘being 


341. 


YOGA-MIMANSA VOL.. IV 


effectively relieved of their gastric disorders, mainly as the 
result of Pranayama. With a perfectly functioning digestive 
system, absorption also becomes perfect, and the blood is en- 
riched with the necessary nutritive elements. 


A liberal supply of oxygen to the circulating blood current — 
is of supreme importance for the health of an individual. This 
supply is effectively improved by means of Pranayama. The 
scope of this article does. not allow us to enter into physio- 
logical details. We refer our readers to the volumes of Yoga- 
Mimdansd for evidence that conclusively proves the statements 
that we are presently going to make. 


Pranayama performed according to the technique de- 
scribed in Yoga-Mimdrsd is capable of improving the oxygen 
| supply of the blood as no other exercise is. This is not be- 
cause during the process of Pranayama an individual absorbs 
a larger quantity of oxygen, but because of the training of the 
respiratory system which helps the,individual for twenty-four 
hours. The impression that an individual absorbs larger quan- 
tities of oxygen in Pranayama is merely a superstition. We 
shall explain how. Any Pranayama worth the name should 
have every round of it to cover at least one minute. Now an 
average person inhales in one minute about 7,000 c.c. of air 
during normal inspiration. The same individual during Prana- 
yama will inhale at the most 3,700 c.c. in one minute. The 
total intake of air being far smaller in Pranayama the absorption 
of oxygen is consequently smaller. In the Scientific Section 
we have conclusively proved on the strength of experimental 
evidence that the degree of absorption of oxygen does not vary 
_in proportion to the time for which breath is retained. For 
this reason even when breath is held even for half a minute, 
the increase in the absorption of oxygen over the normal ab- 
sorption is not considerable. Thus it will be clear that the 
idea that an individual absorbs larger quantities of oxygen 
during Pranayama is a myth. | ee 
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Where then is the advantage of practising Pranayama for 
enriching the blood with oxygen? The answer to this ques- 
tion is as follows. Even when temporarily during the process 
of Pranayama an individual absorbs smaller quantities of oxy- 
gen, the Pranayamic exercises so train the respiratory apparatus 
that during the remaining part of the day respiration is carried 
on most efficiently and larger quantities of oxygen are absorb- 
ed throughout the day, than they ordinarily would be. 


In our article! on Ujjayi, we have recommended four 
rounds of itina minute. This recommendation is for people 
who practise only Rechaka and Piraka. For ordinary pur- 
poses of physical culture this is sufficient. It is to be noted 
that when four rounds of Ujjiyi are performed in a minute, | 
the quantity of oxygen absorbed even during the Pranayamic 
process is much larger than in ordinary respiration. Again 
the training of the respiratory apparatus by means of having 
four rounds of Ujjayi in a minute, is sufficient for all practical 
purposes of physical culture. 


With the efficient functioning of the organs of digestion, 
elimination and respiration, the quality of the blood remains 
satisfactory. Now this blood is to be distributed to the differ- 
ent tissues of the body. This is the duty of the circulatory 
system and especially of the heart. It has been admitted even 
by the Western scientists that practices in deep breathing exer- 
cise a gentle massage on the heart. We have carefully studied 
the pressure changes that are produced roundabout the heart 
in Pranayama. And we are happy to note that the technique 
of Pranayama as itis given in Yoga, establishes conditions much 
more favourable for this massage, than the conditions secured 


in the Western type of deep breathing, For the elucidation» 


of this point we refer our readers to the article.om: {lie pressure 
changes in Pranayama.? Now: thé heart which is the principal 
organ of circulation being made healthier for Pranayama, the 
whole circulatory system works satisfactorily. 

“1 Vide Vol, II, Nos, 3-4, 2 Vide Vol, IV, number one, 
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But the matter does riot end there. In Bhastrika, especi- 
ally in its part which corresponds to Kapalabhati, vibrations 
start and spread themselves to nearly every tissue in the 
human organism, the arteries, the veins and the capillaries in- 
cluded. Thus the whole circulatory system is exercised and 
massaged during Praniyama and is prepared ‘for efficient 
functioning. 

Next we come to the nervous and the endocrine systems. 
The rich quality of the blood and its satisfactory distribution 
to all the nerves and glands ensure their health. During 
Pranayama especially during Bhastrika, the circulation of the 
blood becomes very rapid and the quality of the blood is also 
rendered very rich. This richer and more liberal blood 
supply brought to the endocrine glands makes them healthier. 
~.- The same is the case with the brain, the spinal cord, the cranial 
ers ue the spinal nerves and the sympathetic. 


“Phe: ‘advantage derived from a richer and more liberal 
biocd: supply is not the only advantage the nervous system gets 
from Pranfyima. The nerves are directly exercised. During 
Piraka the diaphragm is contracted. and- lowered and the 
abdominal muscles are kept controlled, that is, slightly con- 
tracted. The combined action of the diaphragm and the 
abdominal muscles pulls up the lower part of the spinal column. 
If Jalandhara-Bandha is practised the upper part of the spinal 
column is also pulled up. This pulling up of the vertebral 
column as a whole, gives exercise to the sympathetic and the 
roots of the spinal nerves. 


Limitations of this article do not allow us even to make a 
passing reference to the exercise of the brain by the Pranaya- 
mic processes. Suffice it to say that the whole nervous system 
is.very finely exercised by the practice of Pranayama. Thus 
the nervous and the endocrine systems which are of supreme 
importance in the human physiology and.also the respiratory 
the circulatory and the digestive systems wpon which the health 


1 Evidence on this point has already been collected in our laboratory and will in. 
due course of time, appear in the pages of this journal, 
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of the first two systems depends, are all simultaneously exer- 
cised in Pranayama. Every round either of Ujjayi or Bhas- 
trika makes the organism healthier. In fact the Yogic seers 
of ancient India looked upon Pranayama as the one exercise 
that could make every life process supremely healthy. Some 
of them were so enthusiastic in their optimism about the 
physiological efficiency of Pranayama that they ruled out all 
other exercises for securing the health of the human body. 
From our own experience we can safely say that no physical 
exercise can even have ‘one hundredth of the efficacy of 
Prandyama. In fact Pranayama is not only the control of the 
different physiological functions but it is the control of the 
very life processes that vitalize the human organism. 

i * * Cs * 


The spiritual value of Pranayama is none the less inferior. 
People fail to understand how a physical process could lead to 
spiritual development. To-day we have not got sufficient 
laboratory evidence to convince those that are prejudiced 
against Yoga. But we can surely offer a few remarks on this 
point which will appeal to people who have an impartial but 
sympathetic attitude towards Yoga. Students of endocrino- 
logy are coming to the conclusion that the endocrine glatids 
are capable of influencing not only the physiology but also the 
psychology of an individual. The most optimistic of them 
feel that they could change criminals into saints by means of 
treating endocrine glands. Personally we do not know how 
far this optimism is justifiable. In fact orthodox scientists-do 
not accept everything that endocrinology has- to say. But 
even they cannot deny the fact that the endocrine glands 
materially influence the psychology of a person. 


Hypothetically we are satisfied that particular nerve | so 


centres have got influence on human psychology-similar tothe 
influence of the glands of internal sécretion. "That these cen. 
tres of the human nervous system could be effectively worked 
upon and made to experience extraordinary impulses and 


vibrations, is a fact of every day experience for practical 
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students of Yoga. It is our fond hope that a day will arise 
when these impulses and vibrations could be demonstrated 
objectively in the laboratory of the Kaivalyadhdma and their 
influence on human psychology could be scientifically estab- 
lished. The day may come when it will. To-day we will 
explain how the different centres are worked upon through 
the physiology of Prandy4ma. As the scope of this article 
does not allow us to enter into details, we will give here merely 
a broad outline of our explanation. 


A reference has already been made to the pulling up of 
the spinal column in Prandyama. By means of different 
Bandhas introduced in the technique of Pranayama, that pull 
is made to exercise very considerable tension upon the spine 
from the bottom to the highest pointin it. This tension gives 
strong peripheral stimulus to the whole nervous system. 


In the first number of this volume we have discussed the 
intra-thoracic and intra-pulmonic pressure changes in Prand- 
yama, The intra-abdominal pressures also undergo consider- 
able changes in Pranayamic exercises. It can be easily proved 
that all the three types of pressures referred to just now, are 
rendered extremely high during Pranayama practised with the 
three Bandhas, Méla, Uddiyana and Jalandhara. This high 
pressure gives peripheral stimulus to the different nerve 
plexuses situated in the abdomen and the thorax. 


Again we are hypothetically satisfied that the practice of 
Pranayama introduces high pressures both in the central canal 
of the spinal cord and the ventricles of the brain. These 
pressures centrally stimulate the whole nervous system. Owing 
to these central and peripheral stimuli, the human conscious- 
ness begins to be internalized and supersensuous perceptions 
begin to be possible. Worlds subtler and still subtler begin 
to be opened out in proportion to the consciousness itself get- 
ting more and more refined, till at last the individual con- 
sciousness merges into the cosmic and the individual becomes 
one with the Infinite. 
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Figs. XXXVIH-XXXVIU 





Vakriisana or the Twisted Pose. 


(The upper picture illustrates the Righ! Spinal Twist whereas 
ihe lower one iilustrates the Left Spinal Tyist) 


VAKRASANA 
oF 


THE TWISTED POSE 


THE NAME :— 


The pose is called Vakrasana because in taking it, 


the spinal column is twisted. In Sanskrita Vakra means ...: 


twisted, WVakrasana is only a simplification of Ardha- 
Matsyendrasana and has been introduced in Yogic cul- 
ture by us as an easier exercise preparatory to that pose. 


THE TECHNIQUE :— 


To begin with, the student takes his seat stretching 
out his legs so as to keep them close together. Then he 


raises one of his knees, say the right, and withdraws his 


foot till it rests by the side of his left knee. Next he 
places his right hand behind his back without much 
twisting his trunk. Thereafter the left arm is passed 
round the right knee from outside and the left palm is 
placed on the ground. In doing this the student pushes 
the right knee as far to the left as possible, all the while 
trying to twist his trunk to the right as best as he can, 
The knee is, however, kept firmly-in its position, offer- 
ing good resistance to the opposite arm. The. last part 
of the technique is gone through when the student turns 
his face to the right, till his chin finds itself coming 
exactly over the rightshoulder. This secures a complete 
twist to the right for the spinal column, me XXXVI 
illustrates the right: spinal twist.. 


Instead of starting with the right ihe the student by 


can start with the left and obtain the left vertebral twist. 
Fig. XXXVIII illustrates the left spinal twist. 

The right and left twists put together should not 
take more than three minutes as the maximum time de- 
yoted to them, 
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|. UDDPIYANA-BANDHA OR THE RAISING 
: OF THE DIAPHRAGM 


UDDIYANA is an exercise of the Seeicaoen and the ribs.’ 
When’ expressed in a popular! mp OneS its Sento. may be 


described as follows. 


2 As this Bandha is practised either in sitting or in stand- 
_ ing, the student poses himself as shown in Fig. XXXIX and 
«the following, respectively. In these pictures, hands are shown 
tobe resting either on the knees or on the thighs. This 
re position of the hands enables them to be firmly pressed 
ue _ against their support and thus to fix up the muscles of the 
be ‘neck and the shoulders. Having taken this posture the 
= student secures the deepest possible expiration by vigorously 
‘ontracting the front muscles of the abdomen. The chest 
coe -gtands. contracted. While the breath is held out, the 
ae -mauscles of the neck and the. shoulders are-fixed up by firmly 
* "pressing the hands’ either against the knees or against the 
thighs as the case may be. Then a vigorous mock inhalation 
is attempted by raising the ribs and by not allowing the air to 
flow into the lungs. Simultaneously the front abdominal 
muscles are completely relaxed. 


Pit 
iy 









- The fixing up of the neck and shoulders, the vigorous 
mock inhalation preceded by the deepest possible exhalation, 
and the simultaneous relaxation of the contracted front ab- 

, dominal muscles, these three actions complete the technique 
of Uddiyana. Automatically? the diaphragm will rise up and 


1 This Bandha has been subjected by us to a very large number of X-ray and 
pther experiments many of which have already appeared in 'Foga-Mimaisd, Hence 
we are in a position to give a detailed scientific description of its technique. Looking 
to the popular character of this Srcffon, ae he we have sketched its technique in the 
simplest terms possible, 

2 The pressure changes in the chest and abdomen which are responsible for this 
automatic abdominal depression,‘have been detailed in this journal, in places too numer 
ous to be quoted here, Zealous students of Yogic_ physiology may readgthe Scientifie 
Sections of Vols, IT & IV, 
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Fig, XXXIX 





Uddiviina in Sitting. 


“f 


Fig, XL 





Uddiviinn in Standing, 


} 


| troubles etc., is very great, Its spiritual worth is greater still, 





NO. 4 UDDIYANA-BANDHA 


the abdomen will undergo a pronounced depression, produc-— > 
ing the concave appearance shown in Fig. XXXIX and the ~~ 
following. A slight forward bent of the trunk will be helpful 
in securing greater abdominal concavity. This position is re- 
quired to be maintained throughout the exercise of Uddiyana, — 


_ When the student finds that he can no longer hold his | 
breath out comfortably, he relaxes his neck and shoulders, pe 
lets go the ribs and slowly starts inhalation, allowing the — 
abdominal depression to be effaced gradually. When inhala-. “7 
tion is completed, one round of the Uddiyana exercise is 
finished. : atl 

Uddiyana means rising up and Bandha means conirac- 
tion of particular anatomical parts. This exercise is called = 
Uddiyana-Bandha because the muscular contractions describ- °° =" 
ed above enable the spiritual force! to rise up. Anatomically 
this Bandha may be called Uddiyana because it raises the 
diaphragm. 


CULTURAL & THERAPEUTICAL ADVANTAGES :— 










Uddiyana is a very fine exercise for the abdomen. Its 
therapeutical value against constipation, dyspepsia, liver a 


CAUTION :— | 

People suffering from circulatory or serious abdominal — 
troubles should not eae to this exercise on their own 1 Fespon a 
ee 8 


1 This force Is locked up in the lower region of the abdomen, Uddiyfna is one 
af the different exercises capable of letting loose this fame and making it to travel 
upward along the spine. 
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“ NAULI OR THE ISOLATION AND ROLLING 
“MANIPULATION OF THE ABDOMINAL RECTI 


Nau! is an abdominal exercise. Its principal feature is 
the isolation and rolling manipulation of the abdominal recti. 
Generally it is practised in standing, although its practice ina 

- squatting position 1s required at the time of Basti— Yogic 
flushing of the colon, 


The way to Nauli lies through Uddiyana. In fact Nauli 
may be equated to Uddiyana plus the isolation and rolling 
ianipulation of the recti. What it means is. this. While 

practising Nauli the student has to go through the whole 

~stechnique of Uddiyana; and then while maintaining Uddiyana, 

thas to isolate the abdominal recti and roll them from right to 
ra and from left to right, clockwise and counter-clockwise. 


es Bor “securing Uddiyana, as we have already seen, the 

a raren has first ‘to fix up his neck and shoulders and then to 
iry mock inhalation preceded by the deepest possible ex- 
piration. Simultaneously with this he has to relax completely 
all the muscles that go to form the front portion of the abdom- 
inal wall. For practising Nauli the position thus secured is 
to be treated as a preparatory position. 





While maintaining Uddiyana the student repeatedly gives 

a forward and downward push to the abdominal point just 
above the pubic bone. This is the point where the two recti 
originate. A push at this point brings about contraction. of 

_ these muscles while it leaves the other muscles of the front 
- ~abdominal wall in a relaxed condition. An idea of the nature 
of this push can be had by imitating the straining of the con- 
stipated people when going to stool. The only difference in 
that straining and this push is as follows. In straining the 
whole pressure is exerted downward whereas in this push it is 
exerted forward as well as downward. Repeated attempts at 
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recti from the adjoining muscles, because these muscles will 


be kept in arelaxed condition whereas the recti will be con- 


tracted. In every case of muscular isolation, the isolated — 
muscle is contracted while the neighbouring muscles stand. 


relaxed and inactive. 


Once the two recti are isolated at the origin, the isolation. - 
will be almost automatically completed .right up to the points” 


where they are attached to the ribs above. Of course the 


push must continue all along. When the process of isolation 3 
is completed, the recti will stand side by side vertically cross- 


ing the abdomen as shown in Fig. XLI. This is called 
Nawli-Madhyama or the Central Aspect of Nauli. 


Very often people fail to hit the exact point against which | 


the pushing business is to proceed. In that case the whole 
abdomen is pushed out, the recti and other muscles as well, 
Nor is there any contraction secured. This error is to be 
studiously avoided. The whole attention is to be concentrat- 
ed on the point just above the pubic bone. As soon as the 


student sees that he has not hit the right point, the push. 
should be abandoned there and then, and a fresh attempt. 


should be made in the right direction. Patience is sure to 
achieve success. 


Nauli-Madhyama is only the first part of the whole exer. 


cise of Nauli. But there should be no hurry to proceed to the 
next part of it, unless and until full mastery over this part is 
obtained. The following tests may be applied to see whether 
real mastery over Nauli-Madhyama has been secured. (i) The 
isolation must be complete. The isolation may be known to 
be thorough only when thin contracted recti stand out very 
prominently, projecting themselves from the remaining part 
of the abdomen that comparatively sinks very deep under the 
ribs. (ii) The isolation must be easy. That is there should 
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pushing out the point above the pubic bone, will isolate the 
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be absolutely no labour required to bring out the recti, nor to 
withdraw them. Their projection and retraction must become 
possible several times in the same exhalation with the greatest 
facility. (iii) The isolation must be painless. Some thin 
people who happen to have cultivated good muscles in their 
youth, can stand the first two tests in practising Nauli-Madh- 
yama ; but because of some intestinal disorders find the prac- 
tice painful. Such persons should not try Nauli at all, till 
they get rid of the pain by some other means. 


We particularly insist upon one’s mastering Nauli-Madh- 
yama because upon it mainly depends the efficiency one would 
get in the practice of Nauli asa whole. Not only this, but 
the success in Basti and Vajroli also directly depends upon 
one’s control over Nauli-Madhyama. 


The next step in the practice of Nauli is to keep contract- 
ed and isolated the right and the left rectus alternately, while 
the left and right rectus along with the neighbouring muscles 
stand relaxed, When the right rectus alone is contracted and 
rolled off to the extreme right, it is called Dakshina Nauli 
Again when the left rectus alone is contracted and rolled off 
to the extreme left, it is called Vdma Nauli. Figs, XLII and 
XLIII illustrate Dakshina and Vama Nauli respectively.! 


We shall now proceed to see how this is done. While 
maintaining Nauli-Madhyama the student bends forward 
evenly over his thighs. Now if he wants to practise Dakshina 
Nauli, he bends forward still further on the right-hand side, 
but stands a little erect on the left side. So also he gives his 
whole trunk a little lateral bend to the right. This sideward 
and forward bending makes the right rectus still more contract. 
ed and pushes it to the right side of the abdomen, Simultane- 


Ne eee 





ee 





1 Because of photographic requirements in all the illustrations of Nauli given here, 
the ligare is shown with the head erect. In practice the head should hang down, so 
that the student can observe his abdominal work and concentrate upon the pacha g 
muscles, 
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ously the straightening of the left side allows the left rectus to 
be relaxed, of course this relaxation being brought about by a 
conscious effort of the will.. 


_If the student wants to practise Vama Nauli, after secur- 
ing Nauli-Madhyama he bends forward still further on the left 
and also gives a lateral’ bent to his trunk on that side. Side 
by side the right half of the trunk is held a little more erect. 
An effort is made to relax the right rectus. These operations 
will succeed in keeping the left rectus contracted and getting 
it rolled off to the left of. the abdomen. 


When the student gets full control of these three aspects 
of Nauli, he becomes ready for the final operations of rolling 
the recti clockwise and counter-clockwise several times over 
without a break in motion. These rolling manipulations alone 
go by the name of Nauli strictly speaking. 


This performance depends upon a very cordial co-opera- 
tion between the two recti. The two muscles are made to 
maintain a vertical wave across the abdomen that travels from 
left to right and from right to left so quickly that it becomes 
impossible even for an expert eye to follow its progress from 
point to point. Let us see how this is done. 


Starting from Nauli-Madhyama, the left rectus is rolled 
off to the extreme left and the right rectus is kept relaxed. 
When the left rectus reaches the extreme left, it is relaxed 
there and then and simultaneously the right rectus is project- 
ed on the extreme right of the abdomen. From there it is 
rolled to the middle where it begins to disappear (because it is 
relaxed), and its place is taken by the fully contracted left 
rectus which carries on the wave of contraction to the extreme 
left, thus completing one round of Nauli. Several such 
rounds are taken in one exhalation. All the manipulations of 
the recti done in one exhalation constitute what we in our 
literature call one turn, 
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Similar wave of contraction can be made to travel irom 
left to right also. 


The maximum number of turns an average man of health 
can take in his daily practice of Nauli is seven. There is no 
harm if a strong man takes even as Many as twenty-one turns 
of the exercise every day. 


Nauli is strictly to be practised with an empty stomach. 


Limitations :— 


1 People on the wrong side of forty should not attempt 
this exercise unless they are advised by an expert. 


2 People suspected of tuberculosis of the abdomen should 
never attempt Nauli on their own responsibility. 


3 Sufferers from chronic appendicitis should avoid this 
exercise, if it is not recommended by an expert. 


4 People suffering from high blood pressure should 
never take to Nault. 


5 The exercise is not available to boys and girls before 
the age of puberty. 


CULTURAL ADVANTAGES :— 


Best exercise for preserving and promoting the health of 
all the abdominal viscera. 


THERAPEUTICAL ADVANTAGES :— 


(i) An excellent remedy against dyspepsia and consti- 
pation. | 


(ii) Can correct faulty liver, spleen, pancreas and the 
kidneys. 


(iii) Can overcome ovarian insufficiency. 


(iv) Can stop painful menstruation under particular cir- 
cumstances. 
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CULTURAL AND THERAPEUTICAL 
ADVANTAGES OF ASANAS 


SALABHASANA OR THE LOCUST POSE 
Cultural Advantages :-— 


Salabhasana is a fine exercise for the pelvis and the ab- 
domen. 


Therapeutical Advantages :— 


Read what has been said in this regard under Bhujafi- 
gasana. 


ARDHA-SALABHASANA OR THE HALF LOOUST POSE 
Cultural & Therapeutical Advantages :— 


Ardha-SalabhAsana gives the same advantages as Sala- 
bhasana. In the former case, one derives them only on a 
humbler scale. 


DHANURASANA OR THE BOW POSE 


Cultural Advantages :— 


It will be readily seen that this posture is a combination 
of the two exercises, Bhujafigisana and Salabhasana. Natural- 
ly it claims the advantages of both, though on a humbler 
scale. The intra-abdominal pressure here is not as great as 
in Salabhasana, because, even with full inspiration, the dia- 
phragm does not press upon the abdominal viscera as tightly 
in this practice as in Salabhasana. The deep muscles of the 
back are exercised much better in Bhujafigasana than in this 
pose ; because there they are mainly responsible for the back- 
ward curve of the trunk, whereas in this pose their work is 
largely done by the hands and legs tugging at each other. 
Again the wave of contraction and relaxation travelling up 
and down the spinal column, and which forms the principal 
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feature of Bhujafigdsana, is missed here. This pose has, 
however, a special advantage which cannot be had of the two 
preceding Asanas that are combined in it. The two recti as 
well as the other muscles of the abdomen that flex the hip- 
joints, are more fully stretched in this pose, than in the other 
two. This is due to raising backward simultaneously both 


the trunk and the thighs. 
Therapeutical Advantages :— 


For therapeutical advantages read what is said‘in this 
regard under Bhujafigasana. 


ARDHA-MATSYENDRASANA OR THE 
HALF MATSYENDRA POSE 


Cultural Advantages :— 

-If the spinal column is to be maintained in the best of 
health, it must be trained to execute all the movements 
through which it is capable of going. The natural movements 
of the spine may be of six varieties: forward and backward 
bents, side bents to the right and left, the left twist and the 
right twist. In practising Sarvafigasana, Haldsana, Pagchima- 
tana and Yoga-Mudra we educate the spine in forward bents. 
The training of backward bents is given to the vertebral column 
in Matsy4sana, Bhujafigasana, Salabhasana and Dhanurdsana. 
Ardha-Matsyendrasana in one pose gives the two side twists 
with the greatest efficacy and as such has a very great cultur- 
al value. This pose also secures the side bents for the spine, 
although not on a large scale. Hence every scheme for the 
culture of the spine must find a prominent place for Ardha- 
Matsyendrasana and must co-ordinate it with the backward 
and forward movements of the spinal column. 


Therapeutical Advantages :— 


As a curative measure Ardha-Matsyendrasana can be 
effectively prescribed against constipation and dyspepsia, 
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Against enlarged and congested liver and spleen and inactive 
kidneys, it could be practised with advantage, The best 
therapeutical use to which this Asana could be put, 1s ta co- 
ordinate it with other Asanas or Yogic exercises that may be 
indicated in the case of a particular patient. 


VAKRASANA OR THE TWISTED POSE 


Cultural & Therapeutical Advantages :— 


Vakrasana is Ardha-Matsyendrasana simplified. As such 
it claims all the advantages of the latter pose, although they 
are available in this Asana on a moderate scale. 


SIMHASANA OR THE LION POSE 


Cultural Advantages :— 


The pose by itself has not got much physical value, nor 
has it got any spiritual value also. So it need not be main- 
tained for any considerable time. A maximum of three 
minutes has already been prescribed in its technique. Its 
great physical and therapeutical importance when practised 
with the Tongue-Lock in rapid succession, has been discussed 
under Jihva-Bandha. 


It is to be remembered, however, that the Asana is a very 
valuable exercise as a preparation for the three Bandhas: 
Uddiyana, Mala and Jalandhara, even when by itself it is not 
of much consequence either physically or spiritually. The 
mere widely throwing open of the jaws and the drawing out 
of the tongue make the muscles of the neck elastic, thus fa- 
cilitating the formation of the Chin-Lock. The attempt at 
Jalandhara-Bandha, the pressure on the knees exerted through 
the hands, the bracing up of the spine and the throwing out of 
the chest, all put together, give a sort of control over the 
abdominal recti, thus preparing the student for Uddiyana, 
Again lifting up the buttocks with a view to hold the spine 
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erect and sit lightly on the heels, tends to the contraction of 
such pelvic muscles as facilitate the practice of Mila-Bandha. 
Thus it will be seen that Sirnhdsana is a fine exercise prepara- 
tory to the three Bandhas. 


For Therapeutical Advantages read under Jihva-Bandha. 
VAJRASANA OR THE PELVIC POSH 


Cultural & Therapeutical Advantages :— | a 
Vajrasana is principally a meditative pose. Its physical 
advantages are not considerable. 
SUPTA-VAJRASANA OR THE SUPINE PELVIC POSE 


Cultural Advantages :— 
The abdominal recti are fully stretched and the bowels 
. and other abdominal viscera are considerably. stimulated, the 
nee effects on the pelvic eu hare sreath y pronounced. 





eit. i i is a very 7 acd porn fh ag Re constipation. 


PASCHIMATANA OR THE POSTERIOR- 
STRETCHING POSE” 


Cultural Advantages :—- 


Paschimatana is a fine stretching exercise. Nearly all the 
posterior muscles of the body and particularly the hamstring 
muscles at the back of the knees are relaxed and fully stretch- 
ed. The pose is also of great importance in the culture of the 
~oabdomen. The front abdominal muscles are vigorously con- 
tracted which ensures better health and functioning for them. 
Nerves supplying the pelvic organs and arising from the lum- 


bosacral region are toned up because of the exercise of thé-. 


lumbosacral part of the spine and the consequent richer ee 
supply brought to that part. 
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Paschimatana is known. to have considerable spiritual 
significance.. It has been found. to enable a student of spir- 
itual culture to listen to Andhata Dhyani or the subile sound, 
It is also understood to rouse the spiritual force called Kun- 
dalini. For spiritual purposes, however, the Asana has to be 
practised daily for upwards of an hour according to the needs 
and the capacity of the individual practising it, 


Therapeutical Advantages :— 


Paschimatana builds a powerful abdomen and is found 
to be a good remedy against constipation and dyspepsia. It 
may be prescribed with advantage against seminal weakness 
and also against the possibility of a recurrence of sciatica, 


The measure of Paschimatina has to be judiciously ad- 
justed. When maintained for a long time, it promotes consti- 
pation instead of relieving it. So if the Asana must be practis- 
ed across a good length of time either for physical or spiritual 
advantages, it should always be accompanied by Uddiy4na 
which can be repeated several times while Pagchimatana is 
being maintained. MHabitually constipated people should avoid 
practising Paschimatana for anything more than three min- 
mi 

MAYURASANA OR THE PEACOCK POSE 


Cultural Advantages :— 
Maytrasana partially checks the flow of the abdominal 
aorta and thus diverts a liberal blood supply to the digestive 
organs, rendering them more healthy. These organs are 
further toned up by the increase in the intra-abdominakpres-- 
suré which Maytirasana causes pn practice. ger ® Tracy 
Théerapeutical Advantages | | : ? 
| Maydrasana is a very good. measure against ptosis of the 
abdominal organs and against dyspepsia. Its. usefulness, how- 
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ever, is limited, because in advanced cases of clyspepsia the 
patient becomes too weak to undergo the strain which this 
Asana necessarily involves. 


SAVASANA OR THE DEAD POSE 


Cultural Advantages :-— 

(i) Muscles work more efficiently because of their re- 
laxation. 

(ii) Venous blood circulation is promoted eee the 
body and thus fatigue is relieved. 


Therapeutical Advantages :— 
(i) Savasana is helpful in reducing high blood pressure. 


(ii) It can considerably overcome neurasthenia. 


“YOGA-MUDRA OR THE SYMBOL OF YOGA. 


Cultural Advantages t= yor 

Yoga-Mudra builds a’ sasetactal abdominal wall, helps the 
abdominal organs to be kept in their proper places, and tonés 
up the nervous system in general and the lumbosacral nerves 
in particular. Spiritually its prolonged practice helps to rouse 
the Kundalini. 


Therapeutical Advantages :— 


The cecum and the pelvic loop are usual seats of bad 
constipation. In this practice the left heel presses against 
the cecum and the right against the pelvic loop. This pres- 
_ sure when slowly, steadily and repeatedly applied, has power 
" té’stimulate these’ parts to action; and thus to reduce consti- 
pation. Yoga-Mudra- relieves constipation also As replacing 
the displaced abdominal viscera, ~~ “ye"s*» - a 


Yoga-Mudra has also been found useful in overcoming — 


seminal weakness, 
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JIHVA-BANDHA OR THE TONGUE-LOCK 


Cultural Advantages :— 
(7). Muscles of the neck are exercised and the blood 
circulation therein is improved. 
(ii) Cervical nerves and ganglia are rendered healthier. 
(iii) Pharynx and larynx are exercised and their health 
promoted. 
(iv) The thyroid is rendered healthier. 
(v) The auditory apparatus is made more efficient. 
(vi) Salivary glands function more satisfactorily. 


Therapeutical Advantages :-— 
(i) Congestion in the pharynx is removed. 
(i) Tonsillitis of certain types is checked. 
(iit) Deafness due to the thickening of the drum of the ear 
is relieved. 
N. B.— The Cultural and Therapeutical Advantages men- 
tioned above, can best be obtained from Jihva-Bandha when: 
it is made. to alternate with Sumhasana. 


Tre 


= *"VPpaRITA KARAN? OR THE INVERTED ACTION 


Cultural & Thaxnouticsl Advantages :— 


In Hatha-Yoga the Inverted Action is looked upon as the 
most important practice capable of developing supreme vital- 
ity. Itis said to be so wonderfully effective that it would 
rejuvinate an old body in six months. We do not propose any 
examination of these claims here. One thing is certain. “The” 
practice combines, though on a humbler scale, all the advan- 
tages, of ‘Sirgh4sana and Sarvafigasana, and as such must have 
great influence upon the vital forces in the body. All the 
cautions, however, that are given to the students of Sarvafiga- 
sana, are also te be given ‘to the students of this practice. 
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NOTES ON CHRONIC CONSTIPATION 
ITS CAUSES AND CURE 
(By M. N. Parandekar, M. B., B. 8.) 


CHRONIC constipation is a scourge brought on by the so 
called modern civilization. No doubt the excessive amount of 
nervous strain and the hurry-scurry of modern life play an_ 
important part in upsetting the regular smooth working of the 
human organism ; but still a certain amount of this upsetting 
can be attributed to a faulty mode of living, 


When once the regular working of the system is derang- 
ed, a number of symptoms begin to appear, first of which is 
irregularity in the movement of bowels resulting in either con- 
stipation or diarrhoea. If nervous strain and wrong way of 
living continue for a long time, constipation or diarrhoea be- 
eomes a chronic complaint ; and then follow a host of other 
disorders such as dyspepsia, insomnia and so on. 

It is very difficult to’ givé an exdct-defiftition of constipa- 
tion. Certain people having only one motion regularly in a 
week, may be quite healthy, so also others whose bowels move 
twice or thrice every day. There are still others occupying 
various grades in between these two extremes but all these 
may be considered quite healthy so long as they do not have 
any complaints. For practical purposes one can be said to be 
constipated if one’s bowels do not open at least once in forty- 
eight hours and if one is thereby suffering from some sort of 
bodily discomfort such as loss of appetite, headache, lack of 
concentration, etc, 


There are another sort of people who also can be said to 
be constipated, but to whom the above definition is not quite 


applicable. They go to privy twice or thrice, open théim,. 5 . 


bowels, but still complain that they are not satisfied with the 
motions, After each motion they feel that some fecal residue: 
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has still remained. This feeling gives them a sort of uneasi- 
ness. Such a complaint is mostly due to the inability of the 
colon to evacuate its contents completely owing to the weak. 
ness of its musculature. 


Below I have tried to give in a summary form the causes 
of constipation and its cure. In doing thisI have discussed 
the question of diet. It should, however, be noted that it is 
quite impossible to set a fixed diet which will suit each and 
every person. Individual variations as regards taste, habits, 
digestive power etc., have to be taken into consideration in 
forming one's dietary. Nevertheless the main principles men- 
tioned below should.not be overlooked. 


Causes of Constipation 
1, Dietary faults. , a 
(i) Taking less food than is required or taking more 
food than is required. if 


(ii) Taking unsuitable food, that is, food which upsets 
digestion. 


: {iii) Eating too often. 

(iv) Taking food devoid of roughage. (By roughage I 
mean substances like vegetable cellulose, bran, 
cocoanut etc., which are not completely digested 
and hence form a large amount of undigestible 

residue in the bowels). 

(v) Excess of rice in diet— especially of polished rice. 

(vi) Excess of spices, chillies or such otner Aenean”. | 

so. (vii) Excess of ghee, butter and oils. ¢ 
_.__(witi) Eating concentratedrf6éd- stiffs Very: often such as: 


owe» Halwa, Khava or Mava, Basundi, etc. 


(ix) Excess of water or any other liquid in the meals, 
(x) Insufficient intake of water. 7 
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_, (viii) 
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Not taking lemons or such other fruits containing 
organic acids. 

Deficiency of mineral salts that are available in 
fruits and vegetables and in well and spring waters. 


Deficiency of vitamins in diet, 


2, Sedentary life—not taking any exercise. 


3. Neglect to respond immediately to nature’s call for easing 

oneself, 

4. Failure to form a regular habit of visiting the privy once 
or twice daily. 


Addiction to tea, coffee and cold drinks. 
Tobacco— eating or smoking im excess, 


Constant use of drastic ee drugs. 
, Faulty posture, 


To Cure Constipation x; 


z, Ener all dietary faults. 


(i), (#) 
(iii) 


Take a sufficient quantity of food suiting your 
palate and stomach. 
Eat nothing in between the two or three regular 
meals. ' 
(Vote— A meal does not necessarily mean a dish of cooked 
cereals. A meal may consist purely of milk or of milk 
and froits. Tt is always advisable to have a — in the 
different meals.) 


Take green leafy vegetables, a bit of cocoanut, and 
bread prepared without removing the bran from 
the flotir. “A small, dish : raw eat may also he 
tried, - , 





a eer NL biel so Oe ee oe eee 

tb Taking of roughage or indigestible matter is not advisable for Persons whose 

colon musculature is very weak and for those who have any ulceration, irritation or 
pain in the bowels, 
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(vi) 


(wii) 


(wiii) 


(ix), (2) 


(i) 


(xii) 
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Reduce the amount of rice— especially all rice that 
is thoroughly polished. 


Avoid spices and chillies as much as possible. 
They may be taken in moderate amount, but cer- 
tainly not to such an extent as to irritate the 
stomach and the bowels. 


Take ghee and oils moderately, Butter may be 
preferred to ghee, 


Take sweetmeats only occasionally. Although a 
certain amount of sugar in the dietary helps to 
promote the intestinal peristalsis, still excess of 
cane sugar is often harmful. Some persons may 
find it advantageous altogether to stop taking cane 
sugar. Honey and even some sweet fruits will be 
found more beneficial than cane sugar. 


Take a glass of water on rising in the morning 
and also enough water in between the meals. Not 
more than a glass of water (or any other liquid) 
should be taken with each meal. Some people 
may find it agreeable not to drink any water during 
meals, but to take it after half to one hour. 


Take lemons, tamarind, red mangoes (Kokam or 
Amsul) and other fresh fruits containing organic 
acids which help to relieve constipation. 


Pure well or spring water is-not available in cities 
and hence if constipation persists in spite of other 


measures to cure it, it may be taken for grant-. 


ed that certain mineral salts are_ ‘wanting in’ the 
drinking water. _Umdfér such circumstances medi- 


“cintal “salts: may be taken in small amounts only 


BR" supply the deficiency and not to cause any pur- 


gative action. 
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~ (iii) Take sufficient amount of vitamins. These will be 
taken if the following are included in the diet in 
suitable proportion— 
(a) Butter and green vegetables. (Vit. A). 
(b) Bran—whole meal bread, peas, etc. (Vit. B). 
(c) Lemons, onions, tomatoes, germinated seeds, 
milk and buttermilk, and other fresh fruits. 
(Vit, C). 
(d) Dried cocoanuts. (Vit. D),1 
(2) Nuts and vegetable oils such as sesame oil, 
peanut oil, olive oil, cocoanut oil, etc. (Vit. E). 
9, Take exercise regularly. Abdominal exercises are prefer- 
able and Yogic exercises will be found to be very efficacious, 
Breathing exercises help a good deal to move the bowels and 
the exercises of Uddiyana and Nauli give a good massage to 
the bowels and help to improve their tone. Strengthening 
the abdominal muscles and toning up the bowels is an abso- 
lutely essential measure for obtaining permanent relief from 
constipation. 
3, Attend to nature's call immediately. 
4, Forma regular habit of visiting the privy once or twice 
daily, Give full time for the bowels toact. Do not hurry, 
Do not strain, ; 
5, 6. Avoid tea, coffee, cold drinks and smoking or eating 
tobacco. 


~ "7." Do not take purgatives very often. An occasional mild 


laxative once or twice in a month may be taken ; but it may not 
be necessary if the above measures are strictly followed. Very 


~ | Sun's rays (ultra-violet rays of the solar spectrum) are an excellent source of Vita- 
min D, and one may obtain a sufficient amount of it by bathing in the sun, morning and 
evening, for at least ten to fifteen minutes, 
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chronic and obstinate cases of constipation may require the 
use of a drug or an enema, only in the beginning of thetr 
treatment. The best drugs are senna or sonamukhi, cascara 
and alaoes which should be taken in moderate doses only and 
the dose gradually reduced and finally given up as soon asa 
regular habit is established with the help of exercises and other 
hygienic measures. If recourse is taken to a daily enema, it 
should be taken in the morning, the amount of water should 
be gradually reduced and then finally given up after the 
establishment of a regular habit. Constipated people of the 
second variety mentioned above, will derive more benefit from 
the daily use of an enema. 

(Note— When taking a daily enema the water should be absolutely 
plain without any irritating drugs in it and its temperature should be 
moderately tepid.) 


8. Always maintain an erect posture so as not to compress 
the digestive organs. 
9, Follow all other rules of hygiene. 


The following additional measures may be found bene- 
rar in some cases. ; 


(a) The juice of half a lemon and a pinch of common 
salt to be added to the morning glass of water. 


(b) Two tea-spoonfuls of sesame or olive oil to be taken 
just before each meal. 
(c) A table-spoonful of liquid paraffin to be taken at bed- 


(da) An occasional fast once a week or fortnight will also... 


be found beneficial. Sufficient amount of water 
ee be taken ye ied period. 
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Following diseases, especially in their chronic condition, 
can be effectively treated by the Yogic methods : 
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Constipation. 


Dyspepsia. 
FTeadache. 


‘Files. 


Hearé-disease (functional). 
Neuralgia. 

Diabetes. 

fT ysteria. 

Consumption. 

Obesity. 

Sterility (certain types ). 
dJinpotence. 

Appendicites, &c. 


Therapeutical advice is given gratis ai the Aérama to 
patients coming for consultation. 


Arvangemenis have been made under the supervision of the 
Atrama for patents to stay on payment of actual sas ae! 


Ls. als per mensenmt, 
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